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AB STRACT: A study was car ried out in Krishi Vigyan Kendra, Deendayal Re search In sti tute,
Satna for two con sec u tive years to eval u ate the ef fect of var i ous in-situ mois ture con ser va tion
mea sures on es tab lish ment and growth of aonla (Emblica officinalis) in sloppy de graded lands.
In-situ mois ture con ser va tion mea sures in cluded for the study were prep a ra tion of cir cu lar ring
ba sin + mulch ing the ba sin with black poly thene, stag gered con tour trench ing (45 cm width and 3 
m length) on up per side of the plant ba sin, place ment of one sub merged pitcher in one side of the 
plant for rain wa ter har vest ing, set ting the seed ling in a de pres sion of 1 m width and 15 cm deep,
sur rounded by a ring-shaped ridge with 25 cm width and 15 cm height and a 30 cm open ing on
the higher side to har vest rain wa ter + fill ing the de pres sion with straw + mulch ing with black
poly thene and con trol (no mi cro- catch ment or mulch). The re sults re vealed that all the in-situ
mois ture con ser va tion meth ods showed im prove ments in sur vival, es tab lish ment and growth of
aonla plants. How ever, prep a ra tion of mi cro catch ment area of one me ter width sur rounded by
ring shaped ridge of 25 cm width and 15 cm height and hav ing a 30 cm open ing at the higher side 
and mulch ing in de pressed area with straw and cover with black poly thene was found to be the
most ef fec tive mois ture con ser va tion method in in creas ing the sur vival and growth of aonla
seed lings/budlings among all the con ser va tion treat ments.

Keywords: Aonla, in-situ mois ture con ser va tion, laterite soil, stag gered con tour trench ing.  

The con cept of re ha bil i ta tion of waste/for est
lands through plan ta tions of eco nomic plants on
de graded soils for meet ing the ever in creas ing
de mands of food, fruits, fod der and fuel, has gained 
wide spread at ten tion in In dia. In re cent years, the
Cen tral Gov ern ment of India, as well as some state
gov ern ments, has ex pressed their sup port for
bring ing de graded lands, which can not be used for
food pro duc tion, un der fruit cul ti va tion. In dia has
vast tracts of waste lands, which have been ly ing
bar ren for ages. Most of these lands are suit able for
grow ing trees and thus could be put to so cially
pro duc tive uses (Balooni and Singh, 1). How ever,
the ma jor con straint on the pace of ex pan sion of
re ha bil i ta tion programmes is the non-avail abil ity of 
suit able lo ca tion spe cific tech nol o gies. Sev eral
work ers have em pha sized the need for de vel op ment 
of re ha bil i ta tion tech nol ogy in or der to pre vent
good land from de grad ing into waste lands, and it

has been re ported that waste and de graded for est
lands can be eco nom i cally uti lized for grow ing
cer tain eco nomic plants by em ploy ing suit able
tech nol o gies. Hegde (3) re ported that soil and wa ter 
con ser va tion mea sures and grow ing trees could
ef fec tively re ha bil i tate such sloppy waste lands.
Sim i larly, at tempt s to re ha bil i tate de graded lands in 
the west ern Hi ma la yas, Khybri et al. (4) found that
in-situ mois ture con ser va tion tech niques along with 
use of grasses, plan ta tion of fuel, fod der and fruit
trees were quite ef fec tive in re ha bil i tat ing de nuded
lands. Singh (8) stud ied the per for mance of cer tain
fruit trees on waste lands in the Bundelkhand re gion 
and found that the abun dant hilly waste lands
avail able in the re gion could be suc cess fully
de vel oped for the plan ta tion of fruits.Tyagi and
Yadava (9), while work ing on re ha bil i ta tion of
waste lands, ob served  that waste lands can be
re ha bil i tated to a greater ex tent by em ploy ing
suit able soil-wa ter con ser va tion mea sures; plant ing 
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of fruit, fod der and fuel tree spe cies, and graft ing of 
im proved va ri et ies of fruits on na tive root stocks.
Pareek et al. (7) sug gested the re quire ment of soil
and wa ter con ser va tion treat ments for pro duc tion of 
hor ti cul tural crops on un du lat ing hilly lands and

de graded for est lands. 

 The aonla (Emblica officinalis Gaertn) is one
of the most im por tant mi nor  fruits that has bright
pros pects for ex tend ing its cul ti va tion, es pe cially in 
waste/forestlands where the cul ti va tion of other
crops is ar du ous and less prof it able. Dur ing the
re cent years, this crop is fast gain ing ground on
ac count of its drought har di ness, high me dic i nal
and nu tri tional value, non-per ish able na ture of the
fruit, readily avail able mar ket and high
re mu ner a tion. Due to its in creas ing de mand in
Ayurvedic med i cines, an ex pan sion of the area
un der its cul ti va tion has be come nec es sary to meet
the de mands of phar ma ceu ti cal com pa nies.
Keep ing in view the di verse me dic i nal use of aonla
and its in creas ing com mer cial sig nif i cance in the
coun try, there is an ur gent need to give im me di ate
at ten tion to wards prob lems and pros pects in its
cul ti va tion. How ever, the great est bot tle neck in its
ex pan sion is the poor sur viv abil ity of plants on
waste/forestland. The poor es tab lish ment of plants
af ter trans plant ing is a ma jor prob lem in the
ex pan sion of area un der cul ti va tion as heavy
mor tal ity (up to 50 %) oc curs af ter trans plant ing
from nurs ery to field at dis tant places. Al though,
aonla is a drought hardy fruit crop, yet the plants
re quire wa ter ing dur ing the ini tial stage of or chard
es tab lish ment (Pareek, 6). But pro vid ing ir ri ga tion
is nei ther prac ti cal nor eco nom i cal in the sloppy
waste lands. Har vest ing of rain wa ter and in-situ
mois ture con ser va tion is the only vi a ble al ter na tive
to ar ti fi cial ir ri ga tion. Sci en tific in for ma tion to
es tab lish a stan dard method of rain wa ter har vest ing 
tech nol ogy for aonla is in ad e quate, es pe cially for
the sloppy lands. There fore, an ex per i ment was laid 
out to study the ef fect of dif fer ent mod els of rain
wa ter har vest ing on plant sur vival and growth
ra tios. 

MA TE RI ALS AND METH ODS

The ex per i ment was con ducted dur ing two

con sec u tive years of 2005-06 and 2006-07 at
in struc tional farm of Krishi Vigyan Kendra, Satna
on sloppy waste lands with five in-situ mois ture
con ser va tion meth ods. The ex per i ment was laid out 
in a Ran dom ized Block De sign with three
rep li ca tions and 20 plants in each rep li ca tion. The
ex per i ment site was cleared off all the
shrubs/bushes in the month of May dur ing both the
years. Pits of 90 x 90 x 90 m3 size were dug out
dur ing May. The pits were filled with a mix ture of
good soil and FYM in the ra tio of 1:1. Ex per i ment
was laid out in a tri an gu lar sys tem at a plant ing
dis tance of 5x5m. The seeds ex tracted from
ma tured desi aonla af ter treat ment with
carbendazim (0.25%) were sown in poly thene bags
(25x10 cm size) filled with a mix ture con tain ing
soil, sand and FYM in equal pro por tion for rais ing
seed lings/rootstocks in the last week of June. 2-3
healthy seeds were sown in each polybag. Af ter
ger mi na tion only one healthy seed ling was re tained 
per poly bag. Af ter one month the seed lings raised
in polybags were trans planted in pits sub jected to
dif fer ent in-situ mois ture con ser va tion mea sures.
These trans planted seed lings were patch bud ded
with NA-7  dur ing the last week of June in the
fol low ing year. The ob ser va tions on seed lings
growth (height and di am e ter), sur vival, time taken
for ini ti a tion of bud sprout, time taken for
com ple tion of   50% buds sprout ing, per  cent bud
sprout ing and sur vival of budlings were re corded.
The data on seed lings height and di am e ter were
re corded at monthly in ter val af ter trans plant ing
un til June of the fol low ing year (the time of
per form ing bud ding op er a tions). The height was
mea sured from the sur face of soil to the ter mi nal
bud of the main axis, and ex pressed as av er age
height per seed ling in cm. The di am e ter was
re corded at a height of 5 cm from the ground level
with the help of a slide ver nier cal i per, and was
ex pressed as av er age di am e ter per seed ling in cm.
The num ber of seed lings sur viv ing in each
treat ment un til June of the fol low ing year was
con sid ered as sur vival of seed lings. The data on
bud sprout were re corded daily af ter one week of
bud ding. The num ber of buds sprouted in each



treat ment were counted and ex pressed in
per cent age on the ba sis of the num ber of buds
sprouted out of the seed lings bud ded.  The pe riod
from the date of bud ding/graft ing to the sprout ing
of first bud was con sid ered as the time taken for
ini ti a tion of bud sprout and the pe riod from the date 
of bud ding/graft ing to the sprout ing of 50% buds
was con sid ered as the time taken for com ple tion of
50 per cent bud sprout ing. The num ber of budlings

sur viv ing in each treat ment un til 24 weeks af ter
bud ding were con sid ered as bud sur vival and
ex pressed in per cent age. The data in per cent age
were trans formed to arc sine val ues for cal cu lat ing
the anal y sis of vari ance. The de tails of treat ments

used are given in Ta ble 1.

RE SULTS AND DIS CUS SION

Seed ling Growth 

The data on the ef fect of dif fer ent in-situ soil
mois ture con ser va tion treat ments on plant growth
and sur vival over the years are pre sented in Ta ble 2. 
The pooled anal y sis of vari ance for plant height,
di am e ter and sur vival per cent age re vealed
sig nif i cant dif fer ences among dif fer ent soil
mois ture con ser va tion meth ods, and strongly
in di cated the sig nif i cance of rain wa ter har vest ing
and in-situ mois ture con ser va tion The re sults of the
pres ent stud ies re vealed that rain wa ter har vest ing
and in-situ mois ture con ser va tion is a must for
better es tab lish ment and de vel op ment of aonla
seed lings/budlings par tic u larly in sloppy de graded
soils, as the growth and sur vival of aonla plants was 
mark edly im proved when the seed lings/budlings
were sub jected to dif fer ent in-situ mois ture

con ser va tion meth ods.

In the pres ent stud ies, the seed ling growth in
terms of height and di am e ter was in flu enced
sig nif i cantly by dif fer ent in-situ mois ture
con ser va tion treat ments. Among all the treat ments,
trans plant ing of seed lings in pit de pres sion (T4)
re sulted in the max i mum seed ling height (89.54
cm) and di am e ter (1.11 cm), which was
sig nif i cantly greater than the other treat ments. The
next best treat ment in re spect of seed ling growth
was in-situ mois ture con ser va tion by stag gered
trench +  straw mulch ing (81.24 and 1.05 cm) and
sub merged pitcher (77.23 and 1.02 cm). The
con trol plants re corded sig nif i cantly low est plant
height (66.44 cm) and di am e ter (0.96 cm). The
dif fer ence in the re sponse of growth pa ram e ters to
var i ous in-situ mois ture con ser va tion treat ments
was purely due to dif fer ences in the mois ture
hold ing and re tain ing ef fi ciency of treat ments.
Better growth of the seed lings planted in a pit
de pres sion may be due to more soil mois ture
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Ta ble 1: Treat ment de tails and spec i fi ca tion of in-situ mois ture con ser va tion mea sures.

Treatments Specifications

T1 : Polythene mulching Preparation of circular ring, and mulching the basin with black polythene.

T2  : Trench + straw mulching Staggered trenches of 3m length, 0.45 m width and depth across the slope were
prepared in a aligned contour. Half of the trench was filled with straw and the plants
were planted on the downstream side of the trench bund.

T3 : Submerged pitcher Placement of one submerged pitcher on upper side of the plant for rainwater
harvesting.

T4 : Pit  depression Seedlings were set in a depression of 1 m width and 15 cm depth, surrounded by a
ring-shaped ridge with 25 cm width and 15 cm height and a 30 cm opening on the
higher side to harvest rainwater. The depression was filled with straw and covered
with black polythene as mulch.

T5 : Control Control (no micro-catchments and no mulch).
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avail able for lon ger pe ri ods. These find ings are in
con for mity with the re sults of Ghosh et al. (2),
where they also noted better growth of the aonla

plants in pit like de pres sions.

The data fur ther re vealed that the trend in
in crease in seed ling’s height and di am e ter in
re sponse to dif fer ent in-situ mois ture con ser va tion
tech niques was al most sim i lar dur ing both the years 

of in ves ti ga tions. 

Seed ling Sur vival

An other ben e fi cial ef fect of in-situ mois ture
con ser va tion was sig nif i cant im prove ment in plant
sur vival. All the treat ments ex cept poly thene
mulch ing re corded sig nif i cantly higher plant
sur vival per cent age over the con trol. The
treat ments, plant ing the seed lings in pit de pres sion,
and just be low the stag gered con tour trench, were
found to be more ef fec tive in in creas ing the
sur vival per cent age of seed lings than other
treat ments. The treat ment es tab lish ing seed lings in
pit de pres sion (T4), re corded the mean max i mum
plant sur vival (93.75 per cent), which was
sta tis ti cally at par with stag gered trench + straw
mulch ing (89.38 per cent). The low est plant
sur vival was re corded un der poly thene mulch ing

(69.38 per cent), which was at par with con trol.

These re sults are in con for mity with the
find ings of Manivannan and Desai (5), who also
re corded the max i mum sur vival of plants (89.4 per
cent) with stag gered con tour trench ing method of
rain wa ter har vest ing, as against 52 per cent un der
con trol and ob served that the treat ments which
en hanced growth also im proved the sur vival rate of

the plants.

Bud Sprout and Bud Sur vival

The data on the ef fect of dif fer ent rain wa ter
har vest ing and mois ture con ser va tion tech niques
on bud sprout ing and bud sur vival per cent age are
pre sented in Ta ble 3. The bud sprout ing and bud
sur vival per cent age were in flu enced sig nif i cantly
by the dif fer ent meth ods of soil mois ture
con ser va tion. The  max i mum sprout ing (83.75 per
cent)  as well as bud sur vival (80.82 per cent)  was
re corded in seed lings set in pit de pres sion, fol lowed 
by seed lings planted just be low the stag gered
trench and sub merged pitcher meth ods of mois ture
con ser va tion. These ob ser va tions thus in di cate that
the sur vival of budlings can be im proved greatly by
em ploy ing in-situ mois ture con ser va tion meth ods.
These ob ser va tions are in con for mity with the
find ings of Manivannan and Desai (5), who
re ported that bud sprout ing and sur vival of plants

was im proved by mois ture con ser va tion meth ods. 

Ta ble 2: Ef fect of in-situ mois ture con ser va tion meth ods on height, di am e ter and per cent sur vival of Aonla seed lings.

Treatment Seedling Height (cm) Seedling Diameter(cm) Survival (%)

2005-06 2006-07 Mean 2005-06 2006-07 Mean 2005-06 2006-07 Mean

T1 : Polythene
    mulching

68.92 74.04 71.48 0.92 0.98 0.95 73.75

(59.18)

76.25

(60.83)

75.00

(60.00)

T2  : Trench + straw
   mulching

75.74 86.74 81.24 0.99 1.09 1.05 87.50

(69.29)

91.25

(72.79)

89.38

(70.98)

T3 : Submerged
    pitcher

71.97 82.50 77.23 0.95 1.08 1.02 87.50

(69.29)

87.50

(69.29)

87.50

(69.29)

T4 : Pit depression 84.67 94.41 89.54 1.04 1.17 1.11 92.50

(74.11)

95.00

(77.08)

93.75

(75.52)

T5 : Control 64.73 68.16 66.44 0.85 0.96 0.91 68.75

(56.01)

70.00

(56.79)

69.38

(56.40)

CD (P=0.05) 4.64 3.51 2.49 0.11 0.06 0.06 6.98 7.95 5.11



The data fur ther re veal that the trend in bud
sprout ing and bud sur vival per cent age in re sponse
to the dif fer ent rain wa ter har vest ing and in-situ
mois ture con ser va tion meth ods was sim i lar dur ing

the two years.

Time taken for Ini ti a tion of Bud Sprout ing and

50 per cent Sprout ing of Bud

The data per tain ing to the ef fect of dif fer ent
in-situ mois ture con ser va tion treat ments on the
time taken for ini ti a tion of bud sprout ing are
pre sented in Ta ble 4. In the pres ent stud ies, in-situ
mois ture con ser va tion meth ods were ob served to
cause ear lier ini ti a tion and ear lier com ple tion of 50
% bud sprout ing as com pared to the con trol. The
min i mum time for ini ti a tion of bud sprout ing (14.0
days) was taken by plant ing the seed lings in pit
de pres sion (T4) fol lowed by plant ing seed lings just
be low the stag gered trench. The treat ment which
re sulted in ear lier ini ti a tion of bud sprout ing also
caused ear lier com ple tion of bud sprout ing. The
mean min i mum time of 24.01 and 24.08 days for
sprout ing of 50 per cent buds were taken un der the 
plant set in de pres sion (T4) and stag gered trench +
straw mulch ing (T2), re spec tively. The ear lier bud
sprout ing and rel a tively higher bud suc cess in
seed lings planted in pit de pres sion and just be low
the stag gered trench may be at trib uted to better sap

flow in these seed lings, which en ables the bud to
heal quickly and make a strong un ion. Rel a tively
lower bud ding suc cess and de layed bud burst in
con trol may be at trib uted to de creased sap flow and
less seed ling di am e ter, which must have ul ti mately
in ter fered with the pro cess of bud un ion and its

heal ing.

CON CLU SION

From the re sults of these stud ies, it may be
con cluded that in-situ mois ture con ser va tion is
must for better es tab lish ment and de vel op ment of
aonla plants on de graded sloppy lands, as the
seed ling growth in terms of height and di am e ter,
sur vival per cent age of seed lings, bud sprout and
sur vival per cent age of budlings were sig nif i cantly
im proved when the plants were sub jected to
dif fer ent in-situ mois ture con ser va tion meth ods.
Among the dif fer ent meth ods of in-situ mois ture
con ser va tion, the treat ment  of plant ing one month
old poly thene raised seed lings in a pit de pres sion of 
1 m width and 15 cm deep, sur rounded by a
ring-shaped ridge with 25 cm width and 15 cm
height and a 30 cm open ing on the higher side to
har vest rain wa ter and fill ing the de pres sion with
straw and cov er ing the pit  with black poly thene
and per form ing patch bud ding  next year  dur ing
end of June, which  re sulted in max i mum  seed ling
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Ta ble 3: Ef fect of in-situ mois ture con ser va tion meth ods on bud sprout ing and bud sur vival in Aonla.

Treatment Bud Sprouting (%) Bud Survival (%)

2006 2007 Mean 2006 2007 Mean

T1 : Polythene mulching 77.50

(61.68)

67.50

(55.24)

72.50

(58.37)

58.48

(49.88)

63.10

(52.59)

60.79

(51.23)

T2  : Trench + straw mulching 82.50

(65.27)

72.50

(58.37)

77.50

(61.68)

69.45

(56.45)

75.89

(60.59)

72.67

(58.48)

T3 : Submerged pitcher 85.00

(67.21)

70.00

(56.79)

77.50

(61.68)

71.53

(57.75)

72.77

(58.54)

72.15

(58.15)

T4 : Pit depression 90.00

(71.57)

77.50

(61.68)

83.75

(66.23)

78.27

(62.21)

83.38

(65.94)

80.82

(64.03)

T5 : Control 70.00

(56.79)

55.00

(47.87)

62.50

(52.24)

53.57

(47.05)

55.00

(47.86)

54.29

(47.46)

CD (P=0.05) 10.59 6.53 5.03 7.73 7.89 5.09
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growth and plant sur vival found to be the best in-
situ mois ture con ser va tion method and may be 
rec om mended for re ha bil i ta tion of de graded sloppy 

lands.
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Ta ble 4: Ef fect of in-situ mois ture con ser va tion meth ods on time taken for sprout ing of buds in Aonla.

Treatment Time taken for initiation of
bud sprout

Days taken for 50% sprouting
of buds

2006 2007 Mean 2006 2007 Mean

T1 : Polythene mulching 14.75 16.25 15.50 25.13 26.55 25.84

T2  : Trench + straw mulching 12.75 16.00 14.38 22.45 25.70 24.08

T3 : Submerged pitcher 13.00 15.75 14.38 22.75 25.78 24.26

T4 : Pit depression 12.50 15.50 14.00 22.53 25.50 24.01

T5 : Control 16.00 16.75 16.38 25.48 27.05 26.26

CD (P=0.05) NS NS NS 2.48 NS NS
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ABSTRACT: Qual ity seeds are the in dis pens able ma te rial for suc cess ful crop pro duc tion.
Germplasm re source con tains unique traits/genes that can be uti lized for fur ther crop
im prove ment. Ex plo ra tion for col lec tion of germplasm is the quick est and sim plest method for
ac quir ing the de sired one. Pe ren nial type of chil lies has been iden ti fied and ex plored from
WALMI Re search farm of ICAR Re search Com plex for East ern Re gion Patna (Bihar). This
unique germplasm has been en tered in the sev enth suc ces sive years of suc cess ful fruit ing. 
Such dis tinc tive ge no type could be a great value for kitchen gar den pur pose, par tic u larly in the
era of nu cleus fam ily. Such prom is ing and unique germplasm can be uti lized by chil lies worker in
their re spec tive on go ing/en su ing crop im prove ment programme to re in force ment food and
nu tri tional se cu rity of coun try by ef fi cient uti li za tion.

Keywords: Ex plo ra tion, germplasm, chil lies, pe ren nial, veg e ta ble.

Chillies (Capsicum annuum L.), belongs to
the Hungarian world of plants confined in the
family Solanaceae, belongs to the genus Capsicum
with chromosome number of 24 (Ashokkumar et
al., 4; and Brian et al., 8). Chillies peppers have
been a part of the human diet in the Americas since
at least 7500 BC. Chillies peppers originated in
South and Central America, where they were used
by the native inhabitants for thousands of years.
There is archaeological evidence at sites located in
south-western Ecuador that chillies peppers
were domesticated more than 6000 years ago
(BBC, 5). A chilli is one of the first cultivated crops 
in the Central and South Americas (Bosland, 6) that 
is self-pollinating. From South and Central
America, it travelled to Europe after Columbus’s
voyage to Mexico in 1492 and later on spread to all
over world (McClung, 12 and Pickersgill, 14). It is
rich source of vitamin A and C (ascorbic acid).
Vitamin C was first isolated from chillies plant. It is 
one of the most valuable commercial annual spice
crop grown in India. Presently, India is the largest
producer of chilli in the world owing to the
availability of improved varieties (Dash et al., 9). 
In India chilli is grown over an area of 7.67 lakh
hectares with the production of 12.03  lakh tonnes
and productivity of 1568  kg dry chilli per hectare,

(Anonymous, 2). Presently huge number of chillies
varieties available varying in their pungency right
from mild sweet peppers, to the viciously hot.
Hotness of the chilli is measured in Scoville units.
A relatively mild pepper, such as the Jalapeno
commonly found in Salsas, measures around 5000
Scoville units, depending on individual variety and
growing conditions (Basland and Vostava, 7). The
hottest peppers, like the Habanero and Serrano,
measure between 80,000 and 300,000 Scoville
units (Kosuge et al., 11 and Tembhurne and Rao,
18). Chillies, in general behave like annual and for
commercial cultivation, it is grown as annual crop
in all over the world. Though, life cycle of chilli is
basically governed by the climatic condition.  If it is 
grown in temperate climate it is essentially annual
in nature, whereas, if it is grown in tropical
condition especially in most areas of north of the
equator, plants may behave like perennial, though
they are grown as annuals plants. Though some
marked as annuals can be grown as perennials
indoors or in greenhouses (Aguilar-Meléndez, 1;
and Pickersgill, 13 and 15). Though perennial
behaviour of chillies is reported by several workers
but its economical sustainability was not much
studied due very easy in propagation through
seedling raising. This peculiarity was the main
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focal point to undertake study on its perennial
behavioural study.

MA TE RI ALS AND METH ODS 

An ex traor di nary plant type of chilli was
iden ti fied at the re search farm WALMI, of ICAR
Re search com plex for East ern Re gion Patna and
this dis tinct plant type was marked for reg u lar visit.
The source of this unique germplasm was a farm
staff, who pro cured lo cal chil lies sap ling from lo cal 
mar ket for his kitchen gar den pur pose. Ac tu ally this 
plant was a sec ond gen er a tion plant trans planted
from the seed ling raised from the crop al ready
har vested from kitchen gar den. Ini tially up to 3
years gen eral ward and watch was main tained by
the farm worker who used to pick chil lies fruits for
their con sump tion pur pose dur ing their lunch. In
gen eral chil lies are cul ti vated as an nual for
com mer cial pur pose, across the globe. How ever
pe ren nial na ture is re ported in this ge nus, though
this phe nom e non is lim ited to the trop ics es pe cially

places near to equa tor (Jovicich and  Cantliffe, 10;
and Aguilar-Meléndez, 1). Since, 2-3 fruit ing
sea sons is of ten, but ob vi ously, when this plant did
not shown any symp toms re gard ing com ple tion of
its lifecycle, we started tak ing care in a cav a lier
fash ion, up to 4 years. Since, 5th year on wards,
reg u lar train ing and prun ing was tak ing place (Fig.
1 and Fig. 2a, 2b). Reg u lar, wa ter ing and weed ing
was car ried out, re quired dose of NPK and FYM
was sup ple ment to main tain un in ter rupted sup ply
of es sen tial nu tri ent on reg u lar ba sis.  Urea was
sup ple ment at 25 days in ter vals, whereas P and K
was sup ple mented at the in ter val of six month only.
No ma jor in ci dence of pests and dis eases were
no ticed, though profilecting mea sure was taken
well in ad vance to avoid any such in ci dence. Yearly 
soil sam ple were ana lysed to know the soil health
sta tus. Since the soil is sandy loam in tex ture, FYM
has been added reg u larly. Train ing and prun ing of
the plant was done in a such way that at least one
branch is al ways main tained at lower level near the
ground and other non pro duc tive were kept out

Fig. 1. Full and closeup view of six year old chilli plant.



(Ara et al., 3). Plant is still ac tive and bear ing fruits
on reg u lar ba sis. Since 2009, when pe ren nial na ture 
was con firmed, data were re corded for growth,
de vel op ment yield at trib utes and chil lies yield
reg u larly and com puted on yearly ba sis.  It worth to
men tion here that data for first and sec ond year was
gen er ated by rais ing crop from seed har vested from
this plant and the plant was main tained for two
years.

RE SULTS AND DIS CUS SION

Visual observation was taken place for initial
period of three years, and when it was come to the
notice that this plant is behaving like perennial and
completed successfully three years of fruiting on
regular basis. It was observed that plant behave like 
indeterminate growth habit. It is worth to
mentioned that this plant by and large its phenology 
does not influenced by the seasons, temperature
and photoperiod. Seem to be photo-thermal
insensitive plant. It is but obvious that performance
of plant little bit slowdown during extreme cold and 

hotter months of the years especially during
scratchy wind during mid May to mid June.

Data recorded during all the six years (Table
1) reveals that plant height of this chilli plant
increased with the advancement of the age. At the
end of first year it attains the height of 38.6cm only.  
Plant achieved its height of 148.2 cm at the end of
six year. Annual fruit production by the plant was
increased with the age. Minimum (336 fruits) was
recorded for first year and maximum (1117 fruits)
for the sixth year production.  Likewise green fruits
yield was also followed the similar trend. At the
end of first year green fruits yield was recorded
1077g only which increased with age and
maximum 3607g was recorded at the end of sixth
year. It was recorded that fruit length was not
influenced by the age of plant, though it was
categorized as medium size (Table 1). Similarly
single fruit weight also did not influenced much
with passing of time (age).  Fruit length and single
fruit weight did not influenced by the age, this
might be due to traits is highly associated with
genotype, not much influenced by the age or
environment confirming to findings of Singh and
Bhatt (17).

To know the changes in soil fertility status,
soil samples were taken at regular interval starting
from June, 2007 and latest by June, 2012. Soil
samples were analysed to workout initial and final
soil fertility status to know the nutrient dynamic in
soil of the perennial chilli plant (Ryan et al., 16).
Data (Table 4), represent initial and final soil
properties physical parameters viz., sand, silt and
clay composition of soil was not much influenced
by the chilli. Bulk density of soil also did not
change. However, other parameter related to soil
fertility gets influenced.  N, P and K were improved 
significantly (Table 2).  Since chilli is endowed
with professed root system, encourage more
rhizospher microbial activities, substantial nutrient
build-up was noticed. Above results indicate that
chillies plants can be grown easily without

impairing the fertility status of soils.   

Perennial chillies germplasm identified and explored from Bihar 297

Fig. 2a. Chillies fruit.

Fig. 2b. Closeup of fruiting twig.
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CON CLU SION

Unique germplasm, ex plo ra tion for col lec tion
of de sired traits not only strengthen and di ver sify
the gene pool of par tic u lar crop, but also proves a
quick est as well as sim plest method of achiev ing
ob jec tive of cre at ing vari abil ity. Ex plo ra tion for

col lec tion should be an in te gral part of any plant
germplasm aug men ta tion programme. Bi en nial
na ture is of ten but a pe ren nial chilli is not a
busi ness as usual phe nom e non. Suc cess ful fruit ing
for six years and en tered in to sev enth year is not a
nor mal and sim ple event. This plant type is
def i nitely car ry ing /con tain ing some unique gene

Ta ble 1: Growth, yield at trib utes and yields of yield of chil lies plant dur ing dif fer ent years.

Years Plant

height (cm)

Fruit

length (cm)

Fruit (No/
plant)

Single fruit

weight (g)

Green fruits
yield  (g/

plant)

Ist 38.6 7.53 336 3.21 1077

2nd 69.5 7.38 526 3.21 1689

3rd 91.2 7.56 774 3.11 2408

4th 115.3 7.43 921 3.16 2910

5th 129.6 7.31 1115 3.09 3445

6th 148.2 7.44 1117 3.23 3607

CD (P=0.05) 14.9 NS 57.4 NS 201.3

Ta ble 2: Physiochemical prop er ties of chilli soil.

Value Sand
(%)

Silt
(%)

Clay
(%)

Soil
pH

Organic 
carbon

(%)

Bulk
Density

(m m3)

Electrical
Conduc-

tivity

(dSm-1)

NO3

(ppm)
Available 

Phos-
phorus

(ppm)

Exchange-

able

Potassium 

(ppm)

Initial 33.1 36.4 30.5 7.4 0.61 1.42 0.17 113.7 12.1 87.8

Final 32.5 36.3 31.2 7.1 0.68 1.40 0.15 131.9 13.4 97.3

Fig. 3a. One year old chilli plant                        Fig. 3b. Two year old chilli plant.



and ex press ing their po ten tial for reg u lar fruit ing.
This ge no type be haves like photo and ther mal
in sen si tive line. Such po ten tial germplasm should
be de pos ited in Na tional Gene Bank for safe
con ser va tion and na tion wide uses in crop
im prove ment programme. 

Ac knowl edge ment:

As sis tance re ceived by cen tral lab fa cil ity at
ICAR Re search Com plex for East ern Re gion Patna
for reg u lar anal y sis of soil sam ples is duly
ac knowl edged. 
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FO LIAR AP PLI CA TION OF PO TAS SIUM, CAL CIUM, ZINC AND BO RON 

EN HANCED YIELD, QUAL ITY AND SHELF LIFE OF MANGO
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AB STRACT: Mango, the na tional fruit of In dia, has de vel oped its own im por tance all over the
world. Be ing a use ful and de li cious fruit, it is the part of cul ture and re li gion since long time, and
now, it is rec og nized as one of the best fruits in the world mar ket. Cal cium and po tas sium
amongst ma jor nu tri ents as well as zinc, bo ron amongst mi cro nu tri ents have been found to play
a ma jor role in main te nance of mango fruit qual ity. More over, for rapid re sponse and cor rec tion
of de fi cien cies of min eral nu tri ents, fo liar spray of nu tri ents es pe cially Ca, B, Zn and K have been 
used sin gly or in com bi na tion. The ex per i ment was con ducted on mango cv. Dashehari at
Hor ti cul ture Re search Cen tre, Patharchatta, G.B. Pant Univesity of Ag ri cul ture and Tech nol ogy,
Pantnagar. The ex per i ment in volved the pre-har vest fo liar spray of nu tri ents at ‘mar vel stage’ of
mango fruits. The treat ments in cluded CaCl2@1.2%, Bo rax@0.5%, K2SO4 @ 0.5%, Ca
(NO3)2@1.0%, ZnSO4@0.5%, ZnCl2@0.3% and con trol. The re sults ob tained in di cated that the
trees sprayed with 0.5% bo rax showed max i mum fruit yield, fruit weight, fruit vol ume, T.S.S.,
re duc ing sugar, non re duc ing sugar and ascor bic acid con tent, how ever, this treat ment found to
be at par with 1% Ca(NO3)2. While with re gard to main te nance of post har vest fruit qual ity in
mango, the min i mum phys i o log i cal loss in weight was re ported in 1.0% Ca(NO3)2  fol lowed by
CaCl2 (1.2%) up to the end of 12th day. Other qual ity pa ram e ters like fruit TSS, sugar and
ascor bic acid con tent were best main tained by bo rax, cal cium and po tas sium treat ments.

Keywords: Fo liar ap pli ca tion, Ca, B, Zn, K, mango, qual ity, shelf life.

Mango is the na tional fruit of In dia and is the
ma jor fruit of Asia. It has de vel oped its own
im por tance all over the world. Be ing a use ful and
de li cious fruit, it is the part of cul ture and re li gion
since long time. From an cient time, it has been the
fa vour ite of the kings and com mon ers be cause of its 
nu tri tive value, taste, at trac tive fra grance and
health pro mot ing qual i ties and now, it is rec og nized 
as one of the best fruits in the world mar ket.
Cal cium is an im por tant nu tri ent, plays a cru cial
role in sev eral phys i o log i cal func tions viz., fruit
firm ness re ten tion, pro tect ing the plant against
sa lin ity stress, cal lus fri a bil ity and so matic
embryogenesis. Romero et al. (18) found that the
ap pli ca tion of cal cium as pre-har vest spray
in creased fruit qual ity of mango fruit. Singh et al.
(22) re ported that the Cal cium ni trate at lower
con cen tra tion i.e. 1.0% showed ben e fi cial ef fects in 
pro long ing the stor age life of guava fruits. Bo ron
also af fects fruit ma tu rity and qual ity. Ac cord ing to
Chap man et al. (6), the fruits from the bo ron
de fi cient pa paya plants ripen un evenly and have

low sugar con tent. Aly and Isamail (1) re ported that 
bo ron as pre har vest spray has ben e fi cial ef fect on
qual ity of guava fruits. More over, for rapid
re sponse and cor rec tion of de fi cien cies of min eral
nu tri ents, fo liar feeding of nu tri ents es pe cially Ca,
B, Zn, and K, sin gly or in com bi na tion, is ben e fi cial 
for ac cel er at ing de vel op ment of growth char ac ters,

flow er ing, fruit ing, qual ity and shelf life of fruits.

MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tion was car ried out at

Hor ti cul ture Re search Cen tre, Patharchatta of G.B.

Pant Uni ver sity of Ag ri cul ture and Tech nol ogy,

Pantnagar dur ing 2008 (Jan u ary to July). The

pre-har vest fo liar spray of nu tri ents on 6 years old

trees of mango cv. Dashehari was done at mar vel

stage of fruits, planted at a dis tance of 10x10m. The 

ex per i ment was con sisted of eight treat ments viz.

T1-1.2% CaCl2, T2-0.5% Bo rax, T3-0.5% K2SO4, T4

-1.0% Ca(NO3)2, T5-0.5% ZnSO4, T6-0.3% ZnCl2,

and T7-con trol with three rep li ca tions in ran dom ize

block de sign. There was sin gle tree per treat ment
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per rep li ca tion. The fruits were har vested at ma ture

stage and five fruits were taken from each tree for

re cord ing data on phys i cal and chem i cal at trib utes

of fruits. Phys i o log i cal loss in fruit weight (PLW)

and chem i cal at trib utes were re corded at ev ery 2

days in ter val up to the end of shelf life at am bi ent

stor age. The T.S.S. of fruit was re corded at room

tem per a ture us ing hand refractometer and it was

ex pressed in °Brix and chem i cal qual ity at trib utes

were de ter mined as per stan dard pro ce dure

decribed in AOAC (2).

RE SULTS AND DIS CUS SION

Ef fect on fruit weight, fruit vol ume and fruit yield

The data pre sented in Ta ble 1 re vealed that
sig nif i cantly higher fruit weight (167.29 g) and
fruit vol ume (164.52 ml) were ob served with the
treat ment of 0.5% bo rax which was found
sta tis ti cally at par with treat ment 1.0% Ca(NO3)2

(163.41g and 160.11ml) and 1.2% CaCl2 (157.86g
and 154.84 ml), while min i mum (143.99 and
139.04 ml) was in con trol. Ap pre cia ble im prove -
ment in fruit weight by bo rax ap pli ca tion has been
also re ported by Dutta et al. (8) in li tchi and Dutta
(7) in mango cv. Himsagar. The in crease in fruit
weight with the sprays of bo rax was might be due to 
the in volve ment in hor monal me tab o lism, in crease
in cell di vi sion and expension of cell. Bo ron is also
known to stim u late rapid mo bi li za tion of wa ter and

sugar in the fruit. 

The max i mum fruit yield (28.52 kg/tree) was
re corded with the treat ment of 0.5% bo rax as
com pared to other treat ments and min i mum in
con trol. Bhatia et al. (5) re ported max i mum fruit
weight and con se quently the yield of guava with
the ap pli ca tion of 1.0% H3BO3. In crease in fruit
weight, fruit vol ume and fruit yield in mango cv.
Dashehari as pre-har vest ap pli ca tion of 0.5% bo rax
was re ported by Gaya (9). The sig nif i cant in crease
in yield by bo ron ap pli ca tion may be ac cred ited to
the pos i tive ef fect of bo ron on in creas ing the rates
of car bo hy drate and RNA me tab o lism (Parr and

Loughman, 16).

Ef fect on T.S.S., re duc ing sugar, non re duc ing

sugar and ascor bic acid

A perusal of Ta ble 2 showed that fo liar sprays
of nu tri ents had sig nif i cant ef fect on TSS con tent of 
mango fruits for dif fer ent treat ments. Max i mum
T.S.S con tent (17.8 °B) was re corded in 0.5%
bo rax, whereas, it was found min i mum in con trol
(14.65 °B). Sim i lar re sults have also been ob tained
by Dutta (7) in guava and Gaya (9) in mango. The
in crease in T.S.S. up to cer tain pe riod sig ni fied the
pe riod of ac tive syn the sis of car bo hy drates in fruits, 
while de clin ing trend in T.S.S fol lowed there af ter,
in di cated the deg ra da tion and fer men ta tion of
sug ars sig nal ing the on set of se nes cence stage

(Ryall and Pentzer, 19). 

Data in di cate the max i mum re duc ing sugar
con tent (6.42 per  cent) in treat ment with 0.5%
bo rax which was found sta tis ti cally at par with
0.5% ZnSO4 (5.64 per cent) and 1.2% CaCl2 (5.5
per  cent), re spec tively (Ta ble 3) and min i mum in
con trol (4.30 per  cent). Sim i lar re sults have been
ob tained by Gaya (9). Kahlon and Uppal (11)
sug gested that con ver sion of starches and
poly sac cha rides into sim ple sugar with the
ad vance ment of stor age was re spon si ble for the
in crease of re duc ing sugar, and on ward de cline was
due to the uti li za tion of sugar in evapo-

tran spi ra tion and other bio chem i cal ac tiv i ties.

Non re duc ing sugar was re ported to be
max i mum (9.29 per  cent) in fruits treated with 0.5% 
bo rax which was found sta tis ti cally at par with
1.2% CaCl2 (8.86 per  cent), 1.0% Ca (NO3)2 (8.73
per  cent) and 0.5% ZnSO4 (8.36 per  cent) whereas,
it was found to be min i mum (6.58 per  cent) in
con trol (Table 4). These re sults elu ci dated the
find ings of Babu and Singh (3) and Dutta (7). It was 
ob served that the pro por tion of re duc ing sugar
con tent was less as com pared to non re duc ing sugar  
both at ripe and at the end of shelf life supporting

the findings of Sudhavani and Ravisankar (23).

It is re vealed from the Ta ble 5 that

sig nif i cantly max i mum ascor bic acid con tent

(34.05 mg/100g pulp) was re corded in 0.5% bo rax
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Ta ble 1: Ef fect of pre har vest fo liar spray of nu tri ents on fruit yield and phys i cal qual ity at trib utes of mango cv.
        Dashehari.

Treatment Fruit weight (g) Fruit volume (ml) Fruit yield (Kg/Tree)

T1-CaCl2 (1.2%) 157.86 154.84      25.73

T2-Borax (0.5%) 167.29 164.52      28.52

T3-K2SO4 (0.5%) 149.74 144.03      23.86

T4-Ca(NO3)2 (1.0%) 163.41 160.11      26.67

T5-ZnSO4 (0.5%) 154.72 149.06      24.22

T6-ZnCl2 (0.3%) 147.95 143.12      22.54

T7-Control 143.99 139.04      20.95

C.D. (P = 0.05) 11.73 12.32       1.06

Ta ble 2: Ef fect of pre har vest fo liar spray of nu tri ents on PLW of mango cv. Dashehari at am bi ent stor age.

Treatments Initial        
fruit 

weight
(g)

Physiological loss in weight (%) at different storage period (days)

3 

days

4 

days

6 

days

8 

days

  10 

days 

12
days

Mean 

T1 CaCl2 (1.2%) 160.44 5.67 9.26 11.73 18.42 25.59 30.33 16.83

T2 Borax (0.5%) 183.96 5.92 10.27 14.22 22.12 27.48 34.62 19.11

T3 K2SO4 (0.5%) 154.05 6.32 8.76 12.65 17.87 26.28 32.75 17.44

T4 Ca(NO3)2 (1.0%) 175.39. 5.40 8.60 11.61 17.36 25.12 30.22 16.39

T5 ZnSO4 (0.5%) 146.98 6.42 10.41 14.51 20.17 26.73 33.46 18.62

T6 ZnCl2 (0.3%) 138.08 6.77 10.71 14.77 19.30 27.84 33.87 18.88

T7 Control 125.14 7.50 11.77 15.23 22.81 28.43 36.36 20.35

Mean — 6.29 9.97 13.53 19.72 26.78 33.09

Storage days          Treatment Storage days x Treatment 

C.D. (P=0.05)     0.79 0.85 NS

Ta ble 3: Ef fect of pre har vest fo liar spray of nu tri ents on TSS (°Brix) of mango cv. Dashehari at am bi ent tem per a ture.

Treatments Storage period

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 9.53 12.67 17.60 20.27 19.23 18.67 16.32

T2 Borax (0.5%) 11.40 15.40 18.73 21.67 20.03 19.57 17.80

T3 K2SO4 (0.5%) 9.33 12.40 15.70 18.60 17.50 16.67 15.03

T4 Ca(NO3)2 (1.0%) 10.20 13.80 16.53 19.87 18.27 17.80 16.07

T5 ZnSO4 (0.5%) 8.40 14.04 18.23 20.03 19.80 18.00 16.47

T6 ZnCl2 (0.3%) 8.16 13.57 17.30 19.30 18.17 17.40 15.65

T7 Control 7.47 12.00 16.30 18.17 17.40 16.56 14.65

Mean 9.21 13.46 17.20 19.70 18.62 17.80

Storage days Treatment Storage days x Treatment 

C.D.(P=0.05)    1.07 1.15 NS
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T able 4: Ef fect of pre har vest fo liar spray of nu tri ents on re duc ing sugar (%) of mango cv. Dashehari at am bi ent
         storage.

Treatments Storage period 

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 2.19 3.34 6.30 7.54 7.12 6.92 5.57

T2 Borax (0.5%) 2.97 5.82 7.25 7.78 7.55 7.15 6.42

T3 K2SO4 (0.5%) 2.06 4.09 4.84 6.64 6.31 6.19 5.02

T4 Ca(NO3)2 (1.0%) 2.17 4.46 5.49 7.23 6.37 6.28 5.33

T5 ZnSO4 (0.5%) 1.59 5.55 6.62 6.83 6.65 6.57 5.64

T6 ZnCl2 (0.3%) 1.73 4.83 7.13 6.30 5.86 5.47 5.22

T7 Control 1.54 3.38 4.16 5.80 5.77 5.12 4.30

Mean 2.04 4.50 5.97 6.87 6.52 6.24

Storage days Treatment Storage days  ́ Treatment

C.D.(P=0.05) 0.99 1.07           NS

Ta ble 5: Ef fect of pre har vest fo liar spray of nu tri ents on non re duc ing sugar (%) of mango cv. Dashehari at am bi ent storage.

Treatments Storage period 

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 5.30 7.45 9.10 10.98 10.46 9.85 8.86

T2 Borax (0.5%) 5.38 7.85 9.33 11.86 10.91 10.42 9.29

T3 K2SO4 (0.5%) 4.26 5.65 7.87 9.74 9.48 8.94 7.66

T4 Ca(NO3)2 (1.0%) 4.46 6.94 8.73 11.13 10.78 10.32 8.73

T5 ZnSO4 (0.5%) 4.30 6.67 8.55 10.74 10.13 9.78 8.36

T6 ZnCl2 (0.3%) 3.75 5.33 7.58 10.50 9.87 8.14 7.53

T7 Control 3.10 5.24 6.56 8.84 8.31 7.40 6.58

Mean 4.36 6.45 8.25 10.54 9.99 9.26

Storage days Treatment Storage days x Treatment 

C.D. (P=0.05)    0.92    1.00 NS

Ta ble 6: Ef fect of pre har vest fo liar spray of nu tri ents on ascor bic acid (mg/100 g pulp) of mango cv. Dashehari at
       am bi ent storage.

Treatments Storage period

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 44.62 39.09 34.24 26.50 22.79 18.63 30.98

T2 Borax (0.5%) 47.62 42.22 37.46 31.26 25.53 20.19 34.05

T3 K2SO4 (0.5%) 43.73 37.58 33.69 25.62 20.46 18.36 29.91

T4 Ca(NO3)2 (1.0%) 45.49 42.31 35.37 29.53 24.39 19.73 32.80

T5 ZnSO4 (0.5%) 43.21 36.68 32.65 24.77 20.68 18.24 29.37

T6 ZnCl2 (0.3%) 42.31 34.56 31.51 23.30 19.18 17.38 28.04

T7 Control 40.78 32.77 30.23 21.49 18.13 16.75 26.69

Mean 43.97 37.09 33.59 26.07 21.59 18.47

Storage days Treatment Storage days x Treatment 

C.D.(P=0.05)   1.37 1.489 NS
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which was found  sta tis ti cally at par with 1.0%

Ca(NO3)2 (32.80 mg/100g pulp), whereas it was

found to be min i mum (26.69 mg/100g pulp) in

con trol. Higher level of ascor bic acid by

ap pli ca tion of bo ron was due to higher con tent of

ascor bic acid as syn the sized from sugar. Al most

sim i lar re sults were also re ported by Kar et al. (2) in 

pine ap ple. Losses in ascor bic acid con tent of

fruits were di rectly pro por tional to the length of

stor age pe riod. Mapson (14) sug gested that loss

in ascor bic acid on pro longed stor age is

at trib uted to the rapid con ver sion of L-ascor bic

acid into dehydro-ascor bic acid in pres ence of

ascorbinase en zyme.

Ef fect on phys i o log i cal loss in weight

The data pre sented in Ta ble 6 clearly re vealed

that min i mum loss in weight (16.39 per  cent) was

re corded in treat ment with 1.0% Ca(NO3)2 which

was sta tis ti cally at par with 1.2% CaCl2 (16.83 per 

cent PLW), while the max i mum loss in weight

(20.35 per  cent) was re ported in con trol. Sim i lar

re sults have also been ob tained by Roychaudhary et 

al. (17) in guava, Saha et al. (20) in li tchi and Gaya

(9) in mango cv. Dashehari. The in crease in

evapo-tran spi ra tion changes with prog ress of

stor age pe riod might be re spon si ble for high PLW

of fruits as re ported by Khader et al. (13). The

de crease in weight loss by the ap pli ca tion of

cal cium may be due to its role in the main te nance of 

fruit firm ness, re tar da tion of re spi ra tory rates as

well as tran spi ra tion and de layed se nes cence

(Bangirth et al., 4; Jones et al., 10;  Mika, 15; Singh 

et al., 21).

The pre-har vest fo liar spray of nu tri ents at

mar vel stage of fruits found to be ef fec tive for

in crease in yield, qual ity and shelf life of mango cv. 

Dashehari. How ever, spray of bo rax @ 0.5% was

ef fec tive for yield and qual ity, while Ca(NO3)2 @

1.0% was ef fec tive for shelf life of  shelf life of

mango fruits.
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STUD IES ON THE EX TENT OF GE NETIC CON TAM I NA TION IN SEED

PRO DUC TION OF EX ERTED STIGMA TO MATO (Solanum lycopersicum L)
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AB STRACT: Stud ies were con ducted at the ex per i men tal farm of Punjab Ag ri cul tural Uni ver sity, 
Ludhiana, dur ing Rabi sea son for three years, 2006 to 2010  to stan dard ize the min i mum
iso la tion dis tance re quired for main tain ing ge netic pu rity in hy brid seed pro duc tion of ex erted
stigma (re ces sive) to mato un der open field con di tions. The ex erted stigma seed par ent with
re ces sive po tato leaved seed ling marker was sown at 25 m, 50 m, 75 m, 100m, 150m, 200m and 
250m dis tance away from nor mal stigma (in serted) con tam i na tor par ent cv. Cas tle Rock hav ing
dom i nant cut leaf seed ling marker. The pooled data of three years in di cated that the high est
per cent age of ge netic con tam i na tion of 9.26% was re corded at a dis tance of 25 m from the
con tam i na tor (Cas tle Rock). It was also ob served that there was a grad ual re duc tion in
con tam i na tion level with in creas ing dis tance at 100m iso la tion dis tance of 2.56% al though it was
not within the pre scribed max i mum per mis si ble limit of ge netic con tam i na tion (1 and 2% for
foun da tion and cer ti fied seed, re spec tively). There was zero ge netic con tam i na tion at the high est 
iso la tion dis tance of 150 m. In the pres ent study, in the iso la tion dis tances stud ied un til 100m, the 
level of con tam i na tion was well above the per mis si ble min i mum seed cer tif i ca tion stan dards (98
% ge netic pu rity for cer ti fied seed).  How ever, based on the pres ent study, the iso la tion dis tance
re quired for main te nance of ge netic pu rity of to mato us ing ex erted stigma seed par ent for hy brid
seed pro duc tion un der open field con di tions of Punjab is 150m as against the rec om mended
iso la tion of 25m and 100m for pro duc tion of cer ti fied seeds of open pol li nated seeds and hy brid
seeds, re spec tively. 

Keywords: To mato, ge netic pu rity, iso la tion, con tam i na tion, seed pro duc tion. 

Tomato (Solanium lycopersicum L) is an

important vegetable crop cultivated worldwide

owing to its economic significance. In ndia, tomato

occupies an area of 6,34,400 ha with a production

of 1,24,33,200 mt and a productivity of 19.6 mt/ha

(Annon., 1). The projected hybrid seed requirement 

for regular tomatoes for next five years is 35 t

(Annon., 2). Increasing demand for hybrid seeds

could stress commercial hybrid seed production

abilities (Cheema and Dhaliwal, 6). The impurity of 

the pollen source by natural crossing could lower

the genetic purity of open pollinated and hybrid

seeds (Liu et. al., 9). Hence, maintenance of genetic 

purity in seed production is of critical importance

as low genetic purity see would cause heavy loss

for the seed producers. Tomato is >99% self

pollinated (Groenewegen et. al., 7). The flowers of

most commercial cultivars have a short style that

places the stigma inside the anther tube assuring

self pollination and virtually eliminating the

opportunity for outcrossing. On the contrary,

although tomato is a self pollinated crop, natural

cross pollination of 5% has been reported

(Veerarahavathatham et al., 12).

An isolation distance of l00 m is required for

certified seeds between two tomato varieties to

prevent out crossing in hybrid seed production

under open field conditions (Tunwar and Singh,

11). In any seed production programme, isolation

between two varieties is a pre·requisite to prevent

either mechanical mixture/cross pollination for the

production of breeder/foundation/ or certified

seeds. 

Under normal conditions, most tomatoes have

a natural cross-pollination rate of about 2 to 5%.

Under some conditions though, this may be as high

as 50%. The incidence depends on the types of
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insects active in the area, the existence and types of

inter-planted crops, the wind, the blossom

structure, and the blossom timing of the varieties

involved. The prescribed isolation distance for

minimum seed certification standards of genetic

purity in tomato is 50m and 25m for foundation and 

certified seed respectively for open pollinated seed. 

In the earlier studies on isolation in potato leaved

forms tomato, which is often a self pollinated crop,

there was no out crossing beyond 33m and 40-50m

safe isolation was recommended for open

pollinated seed production (Veeraraghavathatham

et al., 12). Some tomato varieties have exerted

stigma which means that the stigma is positioned

outside of the anther cone and it is more susceptible 

to foreign pollen. In hybrid seed production of

tomato exerted stigma types with seedling markers

are used to avoid emasculation in crossing. Similar

reports of advantages of exerted style for tomato

hybrid seed production were also reported

(Atanassova, 5; Kilchieilchevsky and Dodrodkin,

8). However, in exerted stigma types used as seed

parent for hybrid seed production, slightly higher

level of cross pollination is expected due to

exposure of stigma for insect or bee pollination.

Under natural conditions, cross pollination up to

5.56% has been reported (Veeraraghavathatham et.

al., 12) and the pollinating insects are bees (Quiros

and Marcias, 10). Growing different tomato

varieties in the vicinity would enhance the chance

of contamination. The prescribed minimum seed

certification standards for open pollinated seed

production of tomato, in general, is 50m and 25m

isolation distance for foundation and certified seeds 

production, respectively (Tunwar and Singh, 11).

Also, if a high proportion of natural crossing occurs 

in exerted stigma types of tomato, it necessitates is

lation between tomato varieties for maintenance of

genetic purity. However, the isolation distance

varie with the many factors such as crop, breeding

behaviour, season, adjacent crops grown, natural

pollina rs, wind breaks, barriers and geographical

location of seed plot, etc., Further, there are no

systematic stu res on the isolation distance required

for maintaining genetic purity of exerted stigma 

types of tomato unde Indian conditions.

Hence, objective of the present study was to

determine the extent of genetic contamination in

exerted stigma to ato under natural crossing and to

standardize the minimum isolation distance

required for maintaining gen tic purity in seed

production of exerted stigma (recessive) tomato

under open field conditions.

MATERIALS AND METHODS

Field experiments were conducted at Punjab

Agricultural University, Ludhiana in the Rabi

season of 2006, 2007 and 2008 to facilitate natural

out crossing between exerted stigma seed parent

(stigma exertion above anther cone of 2mm) with

recessive potato leaved seedling marker and normal 

inserted stigma pollen parent cv. Castle Rock with

dominant cut leaved seedling marker. Adequate

precautionary measures were taken to ensure that

only the exerted stigma type and the contaminator

parent cv. Castle Rock were allowed for natural

crossing and no other tomato varieties were grown

adjacent until 200 m isolation from seed parent so

as to avoid any other cross pollination from other

varieties. The exerted stigma seed parent with

recessive potato leaved seedling marker was sown

at different isolation distances 25m, 50m, 75m,

100m, 150m, 200m and 250m distance away from

normal stigma (inserted) contaminator cv. Castle

Rock having dominant cut leaf seedling marker.

The plot size of seed parent and pollen parent was

25 m2 each. There were no border rows surrounding 

the seed parent. The spacing adopted between row

to row and plant to plant was 120 cm ́  30 cm. The

crop was sown in a randomised block design with

four replications per treatment. These  maximum

distances covered in the present study are even

more than the prescribed isolation distance of 100m 
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for certified seed production of hybrid seeds. It was

ensured that there were no physical barriers upto

250 m to facilitate natural outcrossing. The tomato

seed crop was raised using the recommended

package of practices. The adjacent crops near the

experimental plot were onion and wheat during all

the years. The flowering in male parent was early

by five days compared to seed parent. Continuous

flowering occurred during the months of

March-April in all the years. Observations were

recorded for per cent fruitset on natural crossing.

The weather data pertaining to the months of

flowering in the months of March and April of all

three years have been presented (Table 1) which

could also contribute to natural crossing. 

The naturally crossed fruits of tomato were

collected at various isolation distances from 25m,

50m,75m ,100m, 150m, 200m and 250m from the

contaminant plot of Castle Rock and seeds were

extracted and evaluated for genetic purity by

conducting grow-out tests (GOT) in nursery in

2008, 2009 and 2010. The presence of seedling

markers facilitate easy identification of crossed and 

selfed seeds in each progeny after each season

following standard procedures (Agarwal, 3) of 100

plants per replication and four replications in each

treatment were maintained in grow out tests.   

The seeds were extracted from naturally

crossed fruits in various isolation distances and

sown to determine the extent of genetic

contamination in the progenies. The extent of

genetic contamination by natural crossing in seed

crop was recorded based on the number of

seedlings with cut leaf marker in the progeny which 

were contaminated seeds and expressed as genetic

contamination percentage. The remaining seedlings 

with potato leaf marker were selfed.

Statistical analysis of data was done using

Analysis of variance (ANOVA) for various

isolation distances after data were subjected to

angular transformation. 

RESULTS AND DISCUSSION  

The pooled data of three crops from the years

2006 to 20l0 on per cent fruit set and frequency of

contaminants, extent of genetic contamination in

the progeny of seed crop (exerted stigma type with

potato leaf seedling marker) at various isolation

distances from the contaminator, Castle Rock

(normal inserted stigma with cut leaf seedling

marker) are given in Table 2 and Table 3,

respectively.

The pooled data of effect of isolation distances 

on per cent fruit set in exerted stigma tomato types 

due to natural crossing indicated that there existed

significant differences due to isolation distances.

The per cent fruit set was highest at shortest

isolation distances from pollen parent compared to

longest isolation distances. The highest per cent

fruit set was highest at shortest isolation distance.

The highest per cent fruit set was recorded at 25m

isolation from pollen parent of 37.32% followed by

50m isolation (34.46%). The lowest per cent fruit

set was recorded at 250m isolation of 21.58%. The

highest per cent fruit set at 25m could be attributed

to higher natural outcrossing at shortest isolation

distance from seed parent.

Results indicated that the genetic

contamination in the progeny of seed crop (exerted

stigma type with potato leaf seedling marker)

decreased with increasing isolation distance from

the contaminator. Based on pooled data of three

years, highest percentage of genetic contamination/ 

outcrossing of 9.26% occurred at an isolation of

25m from the pollen parent and decreased

continuously at 6.64, 3.23 and 2.56% at larger

isolation distances of 50, 75 and l00m, respectively. 

The lowest genetic contamination of 2.56% was

recorded at the highest isolation distance of l00m

isolation distance although it is not under the
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Ta ble 1: Weather data dur ing flow er ing con trib ut ing to nat u ral cross pol li na tion in exserted stigma to mato.

Year

Months Temp
max
(°C)

Temp
min 
(°C)

    RH
morning

(%)

RH
evening

(%)

SSH
(hrs)

Rainfall
(mm)

wind
speed

(km/hr)

2006 Mar 27.0 13.1 90 44 8.8 32.5  4.3

Apr 36.0 18.2 56 17 9.8 5.1  5.2

Mean 31.5 15.65 73 30.5 9.3 18.8 4.75

2007 Mar 26.1 12.4 91 44 9.1 41.3  5.5

Apr 36.9 19.4 66 23 10.8 26.2  4.7

Mean 31.5 15.9 78.5 33.5 9.95 33.75 5.1

2008 Mar 30.4 14.0 90 39 9.1 0.0  2.5

Apr 34.1 17.7 68 28 10.2 50.2  5.6

Mean 32.25 15.85 79 33.5 9.65 25.1 4.05

Grand
Mean

33.55 15.8 76.83 32.50 9.63 25.88 4.63

Ta ble 2: Ef fect of iso la tion dis tances on per  cent fruit set in ex erted stigma to mato types due to nat u ral cross ing.

  Isolation distance            Per cent fruit set

2006-07 2007 -08 2008-09 Pooled mean

25 m 31.18 42.56 38.22 37.32

50 m 30.86 35.98 36.54 34.46

75 m 25.98 25.63 31.20 27.60

100 m 21.35 24.60 19.85 21.93

150 m 25.98 19.45 20.65 22.03

200 m 31.56 22.34 23.67 25.86

250m 19.87 24.30 20.58 21.58

C.D. (P=0.05) 8.54 9.21 8.72

Ta ble 3: Ef fect of iso la tion dis tances on  fre quency of con tam i nants and per cent age of ge netic con tam i na tion  in hy brid
       seed pro duc tion of to mato (us ing ex erted stigma seed par ent).

Isolation 
distance

(m)

April 2008 March 2009 March 2010 Pooled data

No of 
plants 
with

potato 
leaf
type

No of 
plants 
with
cut
leaf
type

Gene-
tic

cont-
amin-
ation 

(%)

No of 
plants 
with

potato 
leaf
type

No of 
plants 
with
cut
leaf
type

Gene-
tic

cont-
amin-
ation

 (%)

No of 
plants 
with

potato 
leaf
type

No of 
plants 
with
cut
leaf
type

Gene-
tic

cont-
amin-
ation

(%)

No of
plants
with

potato
leaf
type

No of 
plants 
with
cut
leaf
type

Gene-
tic

cont-
amin-
ation 

 (%)

25 123 11 8.2 115 12 10.43 120 11 9.16 119.33 11.33 9.26

50 99 6 5.7 110 8 7.27 115 8 6.95 108 7.33 6.64

75 125 3 2.3 100 4 4.00 118 4 3.38 114.33 3.66 3.23

100 103 1 0.96 110 3 2.72 110 4 3.63 107.66 2.66 2.56

150 101 0 0 100 0 0 100 0 0 100.33 0.00 0.00

200 130 0 0 120 0 0 100 0 0 116.66 0.00 0.00

250 78 0 0 100 0 0 120 0 0 99.33 0.00 0.00

C.D.

(P=0.05)

0.87 0.81 0.75 0.80
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prescribed maximum permissible limit of genetic

contamination. There was completely no genetic

contamination at isolation distance of and beyond

150m.

Statistical analysis of percentage of genetic

contamination revealed that there were significant

differences among the various isolation distances

studied for the extent of genetic contamination in

the three years. The present study revealed that as

the isolation distance increased from 25m to l00m,

per cent contamination in the progeny of seeds crop 

(exerted stigma type with potato leaf seedling

marker) decreased. The minimum genetic purity

standards for Foundation and Certified seeds are 99 

and 98 per cent, respectively. Self-pollinated

vegetable seed crops exhibit lesser degree of

variation as compared to cross-pollinated

vegetables. However, genetic contamination even

in self pollinated vegetables like tomato affects in

such a way that any specific character bred into a

variety is likely to be lost because of genetic

contamination (Arya, 4).  

In the present study, significant differences

existed between the different isolation distances

studied as the level of contamination is well above

the permissible minimum seed certification

standard, it is risky to reduce the prescribed

isolation distance of certified seeds to l00m in

exerted stigma potato leaved tomato forms for

hybrid seed production. The higher levels of

genetic contamination until 100m isolation could

be attributed to a relative abundance of natural

pollinators on long exerted stigma tomato types

under the conditions of Punjab. The occurrence of

natural pollinators i.e., honey bee species, Apis

mellifera were observed in morning hours (7-10

am). The natural crossing would have been oured

due to t e foraging bees on exerted stigma from the

adjacent crops near the experimental plot of onion d 

wheat during all the years. Also the mean maximum 

temperature of 33.5°C, maximum sunshine hours of 

9.63 and wind speed of 4.63 km/hour would have

favoured anther dehiscence and pollen dispersal by

bees in the location. The present findings of genetic 

contamination until l00m isolation distance are in

contrast to Veeraraghavathalam et. al. (12) who

reported that the safe isolation distance in potato

leaved tomato was 40-50m at Coimbatore, Tamil

Nadu conditions. There was zero genetic

contamination at the highest isolation distance of

150 m.

The prescribed isolation distance for certified

seed production of tomato for open pollinated and

hybrid seeds is 25 and 100 m, respectively.

However, the prescribed isolation distance would

drastically affect the genetic purity in exerted

stigma tomato under conditions of Punjab

Agricultural University, Ludhiana. Hence,the

minimum isolation distance required to be

maintained for tomato open pollinated seed and

hybrid seed production using exerted stigma Ex-3

as seed parent (without emasculation) is 150 m

under Punjab Agricultural University, Ludhiana

conditions.
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VEG E TA BLE TYPE PIGEONPEA GERMPLASM IDEN TI FIED AND

EX PLORED FROM VAISHALI DIS TRICT OF BIHAR

Anil Kumar Singh  
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AB STRACT: Ge netic re sources are the ba sic ma te rial for any crop im prove ment programme,
ob vi ously be cause they con tain some unique traits/gene. Ex plo ra tion for col lec tion of germplasm 
is the quick est and sim plest method for ac quir ing the de sired one. In dian is world’s big gest home 
of veg e tar ian in hab it ants and le gumes are main source of pro tein in their diet, pods are
con sumed fresh, or pro cessed as veg e ta ble  ei ther dried  seed are used as dal or va ri ety of
prep a ra tion. A veg e ta ble type pi geon pea of pe ren nial na ture has been iden ti fied and ex plored
from Vaishali dis trict of Bihar. Such pro mis ing and unique germplasm could be uti lized by pi geon
pea workers in their re spec tive crop im prove ment programme to re in force ment food and
nu tri tional se cu rity of coun try by ef fi cient uti li za tion. 

Keywords: Ex plo ra tion, germplasm, pi geon pea, pe ren nial, veg e ta ble.

India is world’s largest homeland of
vegetarian population and world leader in pulses
production and impart to provide protein
supplements. Indian pulse production has been
struck in between 14 and 15 Mt since mid-nineties,
resulting in poor consumption (33 g/capita/day)
during 2010 (Ali and Gupta, 1). Pigeonpea
(Cajanus cajan (L.) Millspaugh) is a leguminous
shrub that can attain heights of 5 m. It is an
ephemeral perennial (short lived) and is invariably
cultivated as annual crop, except in backyard for
vegetable purpose. The centre of its origin is the
eastern part of peninsular India, including the state
of Orissa, where the closest wild relatives (Cajanus
cajanifolia) occur in tropical deciduous woodlands. 
The crop is known to be grown in 22 countries but
it is cultivated in large areas only in a few countries
(Saxena et al., 5). Pigeonpea cultivars are grown for 
vegetable purpose, in the same way as a normal
pigeonpea crop, however pods are harvested at the
milking to dough stage of its development. The
main stream accepted vegetable pigeon pea
varieties should have long pods with large sweet
seeds, which can easily be separate from the pod
shell. In India, most of consumers prefer green
podded pigeonpea for vegetable purpose. These
usually charge a higher price than stripped ones, or
pods of other colours (Saxena et al., 7; and Singh et
al., 8).

Considerable diversity exists also in case of

vegetable pigeonpea. Important growth and
development traits (determinate/non-determinate),
along with the nature of branching play an
imperative role in determining its plant type. Few
genotypes are erect and compact with narrow
branching while in others the angle of branches
open giving the appearance of semi-spread or
spreading plants. Substantial variation is observed
for plant height. In conventional germplasm these
two characters have a considerable range with a
strong environmental effect, depending on the
planting time (Wallis et al., 11; and Saxena et al.,
6). In vegetable type genotype of pigeonpea normal 
sugar levels are around 5.0%; but researchers at
ICRISAT have identified varieties, such as ICP
7035, with a sugar content as high as 8.8% (Saxena
et al., 3; and Saxena et al., 4). Pigeonpea grown for   
domestic use in backyards are maintained up to 3-4
years and attain a plant height of well over 3 m. The 
plants start flowering at the onset of short days and
immature pods. However, optimum plant
population of 250,000 – 325,000 plants /ha is quite
good for early maturing vegetable type varieties
whereas in contrast to long duration non-
determinate types, which require 45,000–52,000
plants/ ha for optimum yields, since pigeonpea is
known to be highly sensitive to environmental
factors (Saxena et al., 4). Keeping view the above
facts this work was taken on priority. As Singh and
Bhatt (9) explained exploration for collection of
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germplasm is one of the best, simplest and quickest
methods of enriching of gene pool of any crop
commodity.

MA TE RI ALS AND METH ODS 

One unique accession was identified and

marked for regular visit. This germplasm was

marked while author was on visit to review the

progress of an ongoing research project. This

unique pigeon pea was spotted and   marked by me

in the month of July 2010, I enquired to the farmers

about the plant and other related information.  He

was unable to satisfy me, he simply told me, that

since this is rice field, I never grown pigeon pea. 
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Fig. 1: Perennial and vegetable pigeon pea at pre-flowering stage and along with bunch of pods during first year.

Ta ble 1: Di ver sity in veg e ta ble type pigeonpea germplasm of dif fer ent re gions.

Region No. of

accessions

Days to Plant
height

(cm)

Seeds

pod-1

Pods

plant-1

Pod
length

(cm)

flower mature

Eastern Africa 106 117 – 229 166 – 270 130 – 270 5.4 – 6.7 26 – 406 5 – 12

Southern Africa 17 131 – 194 163 – 260 185 – 260 5.4 – 6.1 33 – 154 5 – 11

Central Africa 4 141 – 166 215 – 232 200 – 230 5.4 – 5.6 74 – 130 7 –9

Western Africa 13 142 – 156 194 – 218 170 – 250 5.4 – 5.6 67 – 246 7 – 10

Central America 26 106 – 151 167 – 202 85 – 240 5.4 – 7.2 19 – 160 7 – 11

South America 16 132 – 158 182 – 230 100 – 285 5.4 – 6.1 27 – 420 5 – 11

South Asia 39 80 – 175 133 – 235 85 – 230 5.4 – 7.2 55 – 830 3 – 9

South-east Asia 8 134 – 201 190 – 264 140 – 210 5.4 – 5.9 24 – 119 5 – 9

Europe 2 156 – 174 222 – 237 210 – 260 5.4 – 5.8 137 9

Total 231 80 – 229 133 – 270 85 – 285 5.4 – 7.2 19 – 830 3 – 11

Source: Adopted from Saxena et al. (4).
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He told one interested thing , that due to creation of

pond some cow dung is  used  and this pigeon pea

seeds may me brought  along with cow dung to this

place, and get germinated  before time on the bank

of the pond, an at 4-5- feet elevation (Fig.1 and 2). I 

requested him to kindly protect this plant and have

some watch and ward.  I was in touch with farmer to 

know the growth and development and phenology

of this unique plant type. Every time during our

visit to the project site, I discussed with concerned

farmers about the progress of the pigeon pea plant.

Being legume, gifted with the unique ability of

indeterminate growth habit, vegetative and

reproductive growth was taken place simult-

aneously after initial thrust.  June germinated

plants, comes in to reproductive phase in second

week of November. Anthesis, first flowerings starts

in the second week of November and behaves like

perennial and continued to month of March next

year. Data were recorded for growth and

development. Since the size of pod and seed was

amazing and was easy to peal with sweet in nature,

encourage to further study for its suitability towards 

vegetable type. Accordingly, observations were

taken and simultaneously data were recorded on

growth and development yield attributes and pod

yield. 

RE SULTS AND DIS CUS SION 

Tax on omy and clas si fi ca tion of ex plored

pigeonpea 

The great bot a nist Linnaeus (1753) gave
pigeonpea its first bi no mial no men cla ture – Cytisus 
cajan. Van der Maesen (10) re ported that the first
sci en tific name of pigeonpea was given by Bauhin
and Cherler dur ing 1650- 1651 and they called it
Ar bor trifolia in dica (Thora Paerou), which means
‘com mon dal’ in the Malayalam lan guage of In dia.
Van der Maesen (10) has writ ten an ex cel lent
mono graph on this as pect and at pres ent the
fol low ing tax o nom i cal clas si fi ca tion is glob ally
ac cepted. Based on var i ous mor pho log i cal,
cy to log i cal, chem i cal and hy brid iza tion data, Van
der Maesen (10) merged ge nus Atylosia, the near est 
wild rel a tive of pi geon pea, with ge nus Cajanus.
Con se quently, ge nus Cajanus now has 32 spe cies
and pi geon pea (Cajanus cajan) is the lone

cul ti vated spe cies of the Cajaninae sub-tribe. 

Or der: Fabales

Tribe: Phaseoleae

Sub-tribe: Cajaninae

Fam ily: Leguminosae

Ge nus: Cajanus

Species: cajan

Fig. 2 : Perennial and vegetable piegeon pea along with bunch of pods during subsequent year. 



In situ per for mance of ex plored pigeonpea 

Regular watch and wards and upkeeps were
taken place to provide congenial environment to
prove its potential.  Being ephemeral perennial
shrub commonly cultivated as annual crop for
human and livestock consumption. The crop

phenology is basically governed by photo-period,
because flowering in this species is induced by long 
periods of darkness. This phenomenon (photo-
period sensitive reaction) has been found to be
positively linked to its time to flower and biomass
production. The genotype is true to type of
perennial as it was evident by days to anthesis/
flowering which was 151days; similarly maturity
was recorded (222 days). Generally, traditional
pigeonpea cultivars and most landraces are of
medium (160 -180 days) to long (>250 days)
maturity durations (Saxena et al., 4). It was notices
by Wallis et al. (12) that early maturing pigeonpea
genotypes are relatively less sensitive and the long
duration types are most sensitive to photoperiod
response. Plant height was recorded (140 cm),
when after the first flush is over. Yield attributes
like seeds per pod, pod per plant and pod length
were recorded within the range, being a genetic
characters and not much influenced with the
environmental conditions prevailed (Table 2).
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Fig. 3: Seeds of vegetable pigeonpea—ready to be use
as vegetable purpose.

Ta ble 2: Year wise per for mance of pe ren nial pigeonpea.

Years Days to Plant height

(cm)

Seeds/

pod

Pods/

plant

Pod length

(cm)

flower mature

First Year 151 222 140 5.4 137 8.2

Subsequent years - - 330 5.2 145 7.9

Average 285 5.3 141 8.1

Ta ble 3: Clas si fi ca tion of pi geon pea ge no types.

Point of difference Determinate types Indeterminate types

Photo-period sensitivity Sensitive Insensitive

Biomass production produce more biomass produce compatibly less  biomass

Adopted to cropping system Intercrop or as perennial hedges Sole cropping

Flowers / podding pattern flowers / pods in clusters at the top of the
canopy

terminal buds are vegetative and the
flowers/ pods are borne in axillary clusters

Growth pattern Plant growth ceases after the induction of
flowering and pod maturity is more or less
uniform, i.e. synchronize growth habit
prevailed

After some time vegetative and
reproductive phase goes on
simultaneously of flowering and pod
maturity is not uniform i.e. non
synchronize growth habit prevailed

Stresses tolerate Less tolerate biotic and abiotic stresses
than indeterminate types

Tolerate biotic and abiotic stresses better
than determinate types
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Inherited capability to rejuvenate, and some
approximate built in stress compensation device
help the pigeonpea to conquer such stresses and
encourage regeneration of vital plant parts as soon
as the micro-environment becomes conducive
(Wallis et al., 12). General growth and development 
traits associated with determinate and indeter-
minate type of pigeonpea is summarized in the
Table 3.

Soil and N utri ent Dy namics 

Soil samples were taken during first visit

(June, 2010) and was treated as initial soil fertility

status and at the end (April, 12) to know the

nutrient dynamic (Table 4) in the perennial pigeon

pea field after two years (Ryan et al., 2). Since

pigeonpea is endowed with strong and deep root

system, encourage more rhizosphere microbial

activities. Considerable build-up of major fertility

indicators was recorded at the end of three of cycle.  

Physical parameters viz., sand, silt and clay

composition was not much influenced by the

pigeonpea. Bulk density also did not change.

However other parameters related to soil fertility

got influenced.  N, P, K, S and Zn was improved

significantly (Table 4).  

CONCLUSION

Ex plo ra tion for col lec tion of de sired
germplasm to strengthen the gene pool of par tic u lar 
crop is quick est though sim plest in stru ment. It
should be an in te gral part of any plant germplasm
aug men ta tion programme.  Pe ren nial pigeonpea is
of ten hav ing traits qual ify for veg e ta ble type apart
from grain pur pose, though veg e ta ble type an nual

pigeonpea has been de vel oped and are in the
pro cess of wide ad ap ta tion, un der rainfed
con di tion. This unique germplasm can be uti lized
in the on go ing re search programme as do nor for
high rain fall area like Bihar and other East ern
States to strengthen veg e ta ble pro tein right from

podding stage. 
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QUAL I TA TIVE EF FECT OF WRAP PING AND CUSH ION ING MA TE RI -

ALS ON GUAVA FRUITS DUR ING STOR AGE 

Deepak Chandra and Rajesh Kumar

De part ment of Hor ti cul ture, G.B.Pant Uni ver sity of Ag ri cul ture and Tech nol ogy, Pantnagar 263145,
Uttarakhand, In dia 
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AB STRACT : The aim of the pres ent study was to in ves ti gate the ef fect of wrap ping and
cush ion ing ma te ri als on guava (Psidium guajava L.) fruits dur ing stor age. Fruits were packed in
dif fer ent wrap ping and cush ion ing ma te ri als viz. Tis sue pa per, Cling wrap, Ba nana leaves and
Teak leaves as wrap ping ma te ri als, Neem leaves, Rice straw and Bam boo leaves as cush ion ing
ma te ri als and con trol. All the treat ments were kept at controlled room tem per a ture (25±2°C),
rel a tive hu mid ity (85±5%) in cor ru gated fi bre board (CFB) boxes. The ef fec tive ness of the
treat ments was as sessed in terms of its im pact on fruit ap pear ance, weight loss, to tal sol u ble
sol ids (TSS), titratable acid ity, ascor bic acid con tents and to tal sug ars. It was found that
wrap ping of fruits with cling wrap showed better re sult for most of the pa ram e ters rat ing fol lowed
by wrap ping with teak leaves. In organoleptic rat ings fruits wrapped in teak leaves showed better 
re sult while poor rat ing was re corded in cling wraps.

Keywords: Cush ion ing, guava, organoleptic, qual ity wrap ping, stor age.

 Guava (Psidium guajava L.) is one of the
most im por tant fruit crops of trop i cal and
sub-trop i cal re gions of In dia. It is one of the
com mon est fruits liked by poor and the rich peo ple.

The whole fruit is ed ible along with skin. Due
to high cal o rific value guava fruits have achieved
fame as “Poor man’s Ap ple” in In dia (Singh, 10).
Guava tree are very hardy, long lived/ pro lific
bearer and need com par a tively less at ten tion which
makes its cul ti va tion more re mu ner a tive (Tyagi and 
Patel, 12).  In dia has great po ten tial to pro duce high 
qual ity guava fruits and to ex port them to other
coun tries how ever its mar ket abil ity is still lim ited
to lo cal mar ket. This is due to the del i cate na ture of
fruit, poor han dling prac tices and in ad e quate
stor age fa cil i ties. There fore, proper han dling
tech nique and con trol of the rip en ing pro cess are
cru cial for the better shelf life of guava fruits. Use
of proper pack ag ing ma te rial is a vi tal com po nent
of post har vest man age ment. The ef fi ciency of
dif fer ent wrap ping and cush ion ing ma te ri als var ies
from fruit to fruit. There fore, se lec tion of suit able
pack ag ing ma te rial is of prime im por tance for
better shelf life of fruits. The pres ent in ves ti ga tion
was car ried out on win ter guava fruits to study the

ef fect of var i ous wrap ping and cush ion ing
ma te ri als on shelf life of  guava.

MA TE RI ALS AND METH ODS

Pres ent stud ies were car ried out in Post
Grad u ate Lab o ra tory of De part ment of
Hor ti cul ture, Gobind Ballabh Pant Uni ver sity of
Ag ri cul ture and Tech nol ogy, Pantnagar dur ing
Oc to ber and No vem ber 2010. Fully ma ture fruits of 
guava cv. Pant Prabhat at green col our were
har vested. These fruits were packed in cor ru gated
fi bre board boxes (CFB). Fruits were wrapped in
tis sue pa per, cling wrap, ba nana leaves and teak
leaves. Cush ion ing was done by keep ing the
cush ion ing ma te ri als be tween the two rows of fruits 
in side the CFB boxes. Neem leaves, rice straw and
bam boo leaves were used as cush ion ing ma te ri als
(Fig. 1). Ob ser va tions for all the pa ram e ters were
re corded af ter 4th and 7th day of stor age. Per cent
loss in weight was de ter mined by cal cu lat ing
dif fer ence be tween ini tials weight and weight af ter
stor age and this value is changed into per cent age.
TSS was re corded with the help of hand
refrectometer at room tem per a ture. Acid ity and
ascor bic acid were de ter mined by titrametric
meth ods as de scribed by A.O.A.C. (1) and
Ranganna (7). To tal sugar and pec tin con tent were
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de ter mined by method as de scribed by Rangana
(1986). TSS: ac ids ra tio was cal cu lated by di vid ing
T.S.S. by acid per cent. Organoleptic rat ing was
done by a panel of four judges tak ing into
con sid er ation tex ture, ap pear ance and taste. The
data was ana lysed sta tis ti cally us ing com pletely
ran dom ised de sign (CRD) and crit i cal dif fer ence
(C.D.) was cal cu lated at 5 per cent. The per cent
data were trans formed an gu larly when ever seemed
fit.

RE SULTS AND DIS CUS SION

Per cent loss in weight (PLW) in creased with
in creas ing pe riod of stor age in all the treat ments.
Fruits wrapped in cling wrap showed min i mum
PLW whereas un treated fruits showed max i mum
PLW af ter seven days of stor age. Like wise it was
min i mum when rice straw was used as cush ion ing
ma te rial (Fig. 1). The loss in fruit weight might be
due to the fact that wrap ping ma te ri als are known to 
re tard the rate of res pi ra tion, tran spi ra tion and
main tain ing fruit firm ness. These re sults are in
close con for mity with the find ing of Baviskar et al.
(3) as they re ported max i mum per cent loss in fruit
weight from con trol fruits while poly thene packed
fruits showed min i mum loss in weight of guava
fruits. Pres ent find ing re vealed that the ed ible
qual ity of guava fruits was de creas ing with
increasing stor age pe riod. Pec tin re ten tion was also
higher in cling wrap af ter 7 days of stor age when
neem leaves were used as cush ion ing ma te rial (Fig.
2). The re duc tion in pec tin con tent dur ing stor age
might be due to deg ra da tion of in sol u ble
protopectin by the en zymes such as pec tin methyl
esterase (PME) en zyme and ac tiv ity of en zyme
in creased as rip en ing ad vanced in guava. These
find ings are in ac cor dance with the re sults of
Chaitanya (4) in guava as he re ported min i mum
re ten tion of pec tin from un wrapped fruits.

There was sig nif i cant ef fect of wrap ping and
cush ion ing on TSS (Ta ble 1). Fruit wrapped in
cling wrap showed the re duced rate of in crease in
TSS. This might be mainly due to slow con ver sion
of starch into sug ars. Max i mum in crease in TSS
was ob served in cush ion ing of fruits with Neem

leaves fol lowed by wrap ping of fruits with Teak
leaves. It might be due to quick con ver sion of
starch into sugar. TSS con tent of guava fruits
in creased ini tially up to 4th day of stor age and
de creased` there af ter. In crease in to tal sol u ble
sol ids dur ing stor age may be due to the break down
of com plex poly mers into sim ple sub stances by
hydrolytic en zymes which might be fur ther
me tab o lized dur ing res pi ra tion and thus the level
got de creased dur ing sub se quent stor age. Sharma et 
al. (8) also found sim i lar re sults as they re ported
that news pa per packed fruits of guava cv. Sardar
re corded the max i mum in crease in TSS. Wrap ping
and cush ion ing ma te ri als had no sig nif i cant ef fect
on acid ity (Ta ble 1). Acid ity of the fruits de creased
con tin u ously in stor age at room tem per a ture.
Max i mum acid ity was found when fruits were
har vested. These find ings are in close con for mity
with Agarwal et al. (2) as they re ported that
titratable acid ity de creased with ad vanc ing
ma tu rity. The de crease in acid ity dur ing stor age
might be due to con ver sion of ac ids into salts and
sug ars by the en zymes par tic u larly invertase. 

To tal sug ars con tent of guava fruit in creased
with high rate up to 4th day of stor age and then rate
was de creased there af ter (Ta ble 2). The in crease in
to tal sugar dur ing stor age might be be cause of an
in crease in re duc ing sug ars and non-re duc ing
sug ars re sult ing con ver sion of starch into sim ple
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Fig. 1: Effect of wrapping and cushioning material on
loss in fruit weight.                  
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Ta ble 1: Ef fect of dif fer ent wrap ping and cush ion ing ma te ri als on TSS and acid ity in stored guava. 

Treatment TSS Acidity (%)

At harvest After 4
days 

After 7
days 

At harvest After 4
days 

After 7
days 

Wrapping material

Tissue paper 10.66 12.80 12.80 0.210

(2.521)

0.093

(1.740)

0.018

(1.870)

Cling wrap 10.20 11.16 12.20 0.180

(2.460)

0.130

(2.120)

0.114

(1.932)

Banana leaves 13.27 13.26 12.13 0.150

(2.192)

0.091

(1.720)

0.087

(1.660)

Teak leaves 10.63 12,30 13.26 0.210

(2.530)

0.125

(2.011)

0.104

(1.844)

Cushioning material 

Neem leaves 13.13 12.93 14.53 0.180

(2.454)

0.102

(1.820)

0.102

(1.820)

Rice straw 12.93 13.50 13.16 0.190

(2.563)

0.098

(1.772)

0.101

(1.832)

Bamboo leaves 12.26 14.00 13.27 0.170

(2.250)

0.117

(1.950)

0.093

(1.730)

Control 12.67 13.80 12.13 0.150

(2.233)

0.082

(1.640)

0.075

(1.550)

C.D. (P=0.05) 1.79 0.41 0.82 NS NS NS

Note: Val ues in pa ren the ses are an gu larly trans formed.
Ta ble 2: Ef fect of dif fer ent wrap ping and cush ion ing ma te ri als on to tal sugar and TSS: acid ra tio.

Treatment Total Sugar TSS/Acid ratio

At harvest After 4
days

After 7
days

At harvest After 4
days

After 7
days

Wrapping material

Tissue paper 6.42

(14.67)

10.23

(18.56)

12.51

(20.71)

55.61 135.09 116.80

Cling wrap 6.23

(14.66)

12.27

(20.56)

12.65

(20.83)

55.32 91.32 100.78

Banana leaves 6.02

(14.21)

13.39

(21.46)

13.41

(21.48)

91.62 148.05 146.66

Teak leaves 5.90

(14.06)

12.40

(20.62)

13.40

(21.47)

54.94 110.82 117.98

Cushioning material 

Neem leaves 6.56

(14.89)

12.70

(20.88)

12.91

(21.07)

70.89 130.96 127.72

Rice straw 6.03

(14.22)

12.77

(20.94)

13.25

(21.34)

65.04 150.61 115.07

Bamboo leaves 6.17

(14.39)

12.69

(20.85)

13.70

(21.75)

80.63 120.19 131.79

Control 6.97

(15.31)

14.03

(22.00)

14.67

(22.52)

84.08 169.05 159.03

C.D. (P=0.05) 0.18 0.76 1.00 NS NS NS

Note: Values in parentheses are angularly transformed.



sugar and later on re duc tion in rate was due to
uti li za tion of sugar in the pro cess of res pi ra tion.
These re sults are in close con for mity with the
find ings of Parihar and Kumar (6) as they re ported
that to tal sug ars were in creased with the in crease of
stor age pe riod in guava. TSS: acid ra tio was
in creased in fruit dur ing stor age (Ta ble 2). It might
be due to the fact that in crease in TSS was there
dur ing stor age while acid ity de creased (Agarwal et
al., 2). 

Fruits wrapped in cling wrap re tained higher
con tent of ascor bic acid dur ing stor age af ter seven
days of stor age like wise when bam boo leaves used
as cush ion ing ma te rial showed max i mum re ten tion

of ascor bic acid (Ta ble 3). Cling wrap prob a bly
re tard sev eral rip en ing pro cesses and hence the rate
of con ver sion of L-ascor bic acid into dehydro
ascor bic acid is slowed down. The loss in ascor bic
acid con tent of fruit dur ing pro longed stor age is
mainly due to ox i da tion of L-ascor bic acid into
dehydro ascor bic acid by the en zyme ascorbinase.
Gupta and Jawandha (5) and Srivastava et al. (11)
also found de creas ing trend of ascor bic acid dur ing
stor age of peach and guava fruits, respectively. The
organoleptic qual ity was better in wrapped fruits as
com pare to un wrapped con trol fruits ex cept cling
wrapped fruits which showed poor organoleptic
rat ing dur ing stor age (Ta ble 3). Sim i lar re sults were 
also re corded by Siddiqui and Gupta (9) as they
re ported that the organoleptic qual ity was better in
wrapped guava fruits as com pare to un wrapped
con trol fruits ex cept poly thene wrapped fruits
which showed poor organoleptic rat ing through out
the stor age.  

On the ba sis of above re sults, it can be
con cluded that for most of pa ram e ters cling wrap
showed good re sults closely fol lowed by Teak leaf
wrap ping. Fruits wrapped in ba nana leaves showed
growth of fun gus in some fruits. Ef fect of dif fer ent
cush ion ing ma te ri als on phys i cal and chem i cal
pa ram e ters are sat is fac tory up to some ex tent.
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Ta ble 3: Ef fect of dif fer ent wrap ping and cush ion ing ma te ri als on ascor bic acid and organoleptic rat ing.

Treatment Ascorbic Acid Organoleptic rating

At harvest After 4
days 

After 7
days 

At harvest After 4
days 

After 7
days 

Wrapping material

Tissue paper 159.48 48.34 27.75 7.20 6.25 4.70

Cling wrap 164.88 81.05 49.83 7.13 5.84 4.20

Banana leaves 147.24 40.45 23.64 6.95 6.06 4.29

Teak leaves 168.12 45.38 29.04 7.05 6.78 4.45

Cushioning material 

Neem leaves 169.20 36.01 19.46 6.75 6.25 4.04

Rice straw 177.84 38.98 21.39 6.61 5.83 3.49

Bamboo leaves 147.29 45.88 27.15 6.92 5.80 3.67

Control 172.26 27.15 18.04 7.52 6.20 3.69

C.D.(P=0.05) 15.18 15.12 13.06 0.51 0.99 0.37

Fig. 2: Effect of wrapping and cushioning material on
pectin content.                        
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Fruits with out wrap ping and cush ion ing (con trol)
had poor phys i cal and chem i cal prop er ties. In
organoleptic rat ings fruits wrapped in Teak leaves
showed best re sults while poor rat ing was re corded
in Cling wrap ping.

In overall cling wrap was considered as a good 
wrapping material for guava fruits followed by
wrapping with Teak leaves. Among the naturally
available materials Teak leaves showed best results.
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EF FECT OF VAR I OUS MULCH MA TE RI ALS AND SPAC ING ON

GROWTH, YIELD AND QUAL ITY OF STRAW BERRY 

Priyamvada Sonkar,  R.B. Ram and M.L. Meena

De part ment of Ap plied Plant Sci ence (Hor ti cul ture), Babasaheb Bhimrao Ambedkar Uni ver sity,

(A Cen tral Uni ver sity), Vidya Vihar, Rae Bareli Road, Lucknow-226 025

AB STRACT: An ex per i ment was con ducted at the Hor ti cul tural Re search Farm of Babasaheb
Bhimrao Ambedkar Uni ver sity, Lucknow. The ex per i ment was per formed to find out the most
suit able mulch ing ma te rial and an ideal spac ing for straw berry cul ti va tion un der Lucknow
con di tions. The ex per i ment was laid out in a Fac to rial Ran dom ized Block De sign with three
rep li ca tions. The treat ments com prised of six mulch ing ma te ri als viz. paddy straw, dry grass
(Saccharum spp.), dry leaves (dry neem leaves), red poly eth yl ene, green poly eth yl ene and
trans par ent poly eth yl ene) with two spac ings (30 x 15 cm and 30 x 30 cm). On the ba sis of the
sta tis ti cal data, it is con cluded that spac ing of 30 x 30 cm with green poly eth yl ene mulch was
found to be the best in terms of plant growth viz. plant height, spread of plants, num ber of leaves
and leaf area. Sim i larly, spac ing of 30 x 15 cm with green poly eth yl ene mulch sig nif i cantly
in flu enced num ber of flow ers, fruit length and fruit width, yield and qual ity. How ever, there was

slight dif fer ence in qual ity pa ram e ters among dif fer ent treat ments. 

Keywords: Straw berry, mulch ing ma te ri als, spac ing, growth, fruit qual ity.  

Straw berry (Fragaria x ananassa Duch.) is
one of the most fas ci nat ing fruit of the world be ing
rich source of vi ta mins, min er als and tan ta liz ing
fla vour and aroma. Though, it is mi nor fruit of
tem per ate re gions, due to the ad vent of day neu tral
cultivars, it can be grown prof it ably even in trop i cal 
and sub trop i cal re gions (Ram et al., 7). Re cently,
straw berry has be come the fa vour ite fruit crop
among the grow ers, es pe cially near towns and
cit ies. Be cause of its re mu ner a tive prices; the area
un der this crop is in creas ing rap idly (Singh and
Asrey, 9). It is amongst the ten fruit crops, which
give quicker and very high re turns per unit area on
the cap i tal in ter ests, as a crop ready for har vest ing
within six months of plant ing (Sharma and Sharma
12). How ever, pres ently farm ers grow straw berry
with out main tain ing proper plant ing space.
Con se quent upon this, high per cent age of un der
sized, un mar ket able fruit and in ci dence of pest and
dis eases have been no ticed which is a bot tle neck
for ob tain ing good re turns. Higher plant pop u la tion
per unit area has gen er ally tended to in crease the
fruit yield upto 27% in straw berry. There are
mea ger at tempts on mor pho log i cal, phenological
and yield at trib utes un der dif fer ent spac ings.
Fur ther, straw berry is one of the crop among the

other crops that re sponse dras ti cally to the in crease
of soil tem per a ture/ light reflectance pro duced with
the use of mulches. Gutal et al. (5) ob served that the 
use of plas tic mulches in ag ri cul ture helped to
in crease the pro duc tion per unit area for all types of
crops as poly eth yl ene mulch films in crease soil
tem per a ture 5-7 °C fa cil i tat ing faster ger mi na tion
and better root pro lif er a tion, in ad di tion to check ing 
weed growth, pre serv ing the soil struc ture,
re tain ing soil mois ture and in creas ing CO2 con tents 
around the plants. Con sid er ing these facts, the
sys tem atic stud ies were con ducted to stan dard ize
the ap pro pri ate mulch ma te rial and spac ing for
qual ity and higher yield of straw berry fruits un der
Lucknow con di tions.

MA TE RI ALS AND METH ODS

Field ex per i ment was con ducted dur ing
2008-2009 at the Hor ti cul tural Re search Farm of
the Babasaheb Bhimrao Ambedkar Uni ver sity,
Lucknow in a Fac to rial Ran dom ized Block De sign
with three rep li ca tions. Treat ment com bi na tions
con sist ing of six mulch ing ma te ri als viz. paddy
straw, dry grass (Saccharum spp.), dry leaves (dry
neem leaves), red poly eth yl ene, green poly eth yl ene 
and trans par ent poly eth yl ene) and two spac ings i.e.
30 x 15 cm and 30 x 30 cm. Healthy and
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dis ease-free run ners of Chan dler straw berry were
pro cured from Dr. Y. S. Parmar Uni ver sity of
Ag ri cul ture and For estry, So lan, H. P. in the month
of Oc to ber, 2008. Be fore plant ing they were
planted in shade house for proper ac cli ma ti za tion
af ter which they trans planted in well-pre pared beds
un der open field con di tions. Trans plant ing was
done at the last week of Oc to ber. Red poly eth yl ene
sheet, green poly eth yl ene sheet and trans par ent
poly eth yl ene sheet were used and spread over the
beds. Cor re spond ing to the po si tion of plant,
in ci sions were given on mulch and the plant stems
were taken out through the slits to keep the fo liage
un cov ered. Paddy straw, dry grass and dry leaves
were spread over the plots evenly in dif fer ent
treat ments to main tain a mulch thick ness of about
10 cm. All the nec es sary cul tural prac tices and
plant pro tec tion mea sures were fol lowed uni formly
for all the plots and treat ments dur ing the
ex per i men ta tion pe riod. Ob ser va tions were
re corded on the height of plant (cm), spread of
plants (cm), num ber of leaves (cm), num ber of
flow ers per plant, fruit length (cm), fruit breadth
(cm), fruit weight (g), yield per plant (g). To tal
Sol u ble Sol ids (°Brix) of the berry was de ter mined
with the help of Hand Refractometer. The titrable
acid ity (%) and ascor bic acid (mg/100g) were
de ter mined as per stan dard pro ce dures of Ranganna 
(8).  

RE SULTS AND DIS CUS SION

On the ba sis of the ob ser va tions and data
re corded it was found that the veg e ta tive growth,
yield at trib utes and qual ity pa ram e ters were
sig nif i cantly af fected by mulch ing and spac ings,
re spec tively. Data clearly re vealed that the
max i mum veg e ta tive growth viz. plant height,
spread of plants (east-west and north-south),
num ber of leaves and leaf area were ob served in
green poly eth yl ene mulch fol lowed by red and
trans par ent poly eth yl ene mulch with the wider
spac ing of 30 x 30 cm  over the other treat ments
(Ta ble 1). The better re sponse in plant growth
pa ram e ters might be be cause of suit able con di tions
found un der the green poly eth yl ene mulch which is

the com bi na tion of the prop er ties of clear and black
mulches. With clear mulch, all wave lengths of
ra di a tion (light) are trans mit ted through the mulch.
The long wave lengths (in fra-red ra di a tion) are
con verted to heat un der the clear film and pro vide
the great est amount of soil warm ing. How ever,
photosynthetic ac tive ra di a tion (PAR) is also
trans mit ted and re spon si ble for the vig or ous weed
growth un der clear mulch. Al though, black mulch
blocks PAR, weeds do not grow un der neath. 
There fore, it si mul ta neously gen er ated al most as
much heat as clear mulch and sup pressed weeds
like black mulch. The plants grown un der the
higher den si ties pro duced fewer crowns and leaves
as re ported by Wright and Sandrang, 18. The
pres ent re sults are in con for mity of the find ing of
(Tarara, 15). How ever, 30 x 30 cm (plant to plant
spac ing) pro vided better space for the root
dis tri bu tion. It also in di cated a shift in the most
fa vour able en vi ron ment in root growth con sists of
op ti mal mois ture avail abil ity. This lead to in crease
root ac tiv i ties which might have been re sulted in
better nu tri ent up take, sub se quently better dry
mat ter for ma tion and gas ex change. These re sults
are also sup ported by Goulart and Funt (4) and
Sharma and Yamdagni (10). 

Data pre sented in Ta ble 2 clearly in di cated the 
in flu ence of var i ous treat ments and re flected that
the max i mum num ber of flowers were ob served in
green poly eth yl ene with 30 x 15 cm. This might be
be cause the green poly eth yl ene with 30 x 15 cm
spac ing cre ates a better mi cro cli mate and made the
field weed free. Whereas, the red and trans par ent
poly eth yl ene mulch were not suc cess in con trol ling
the weed pop u la tion in the field that re sulted in
ab sorb ing the most of the PAR by the weeds
(John son and Fennimore, 6). And also it might be
be cause closer spac ing pro vided enough
com pe ti tion to re duce vig or ous veg e ta tive growth
(Wright and Sandrang, 18). They also stated that
the me dium den sity pro duced the great est num ber
of flow ers per in flo res cence. Uselis (17) re ported
that wider spac ing re duced the to tal num ber of
in flo res cen ces as ob served in the pres ent
in ves ti ga tion. Slight en hance ment in in creased fruit 
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Ta ble 1: Ef fect of mulch ing and spac ing and their in ter ac tion on plant growth and flow ers of straw berry cv. Chan dler.

Treatments Plant height
(cm)

Plant spred
E-W (cm)

Plant spread
N-S (cm)

No. of leaves
per plant

Leaf area
(cm2)

          Spacing

Mulching

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

M1 9.01 10.49 14.31 18.23 14.89 18.91 6.66 83.55 30.58 53.24

M2 7.76 10.12 12.52 17.63 13.09 18.32 6.10 7.86 28.59 38.27

M3 7.13 9.28 11.70 17.45 12.29 18.64 5.46 7.61 18.24 36.43

M4 10.68 12.46 15.28 20.87 16.23 20.82 6.93 10.76 26.80 62.43

M5 11.23 14.94 17.35 23.75 17.82 24.32 6.93 12.37 38.20 62.89

M6 10.47 11.49 14.36 18.56 16.14 19.53 6.89 10.03 21.32 58.81

CD (P=0.05)
Mulching 0.86 0.94 0.98 0.75 2.37

Spacing  0.49 0.54 0.57 0.43 1.37

Interaction 1.21 1.33 1.39 1.06 3.36

Where,   M1 = Paddy straw;    M2 = Dry grass,  M3 = Dry leaves;  M4 = Red polyethylene; M5 = Green polyethylene, and 
M6 = Transparent polyethylene; S1 = 30 ´ 15 cm and S2 = 30 ´ 30 cm.

Ta ble 2: Ef fect of mulch ing and spac ing and their in ter ac tion on flow ers, fruit growth and yield of straw berry.

Treatments No. of flowers
per plant

Fruit length 

(cm)

Fruit breadth 

(cm)

Fruit weight
(g)

Yield/plant (g)

          Spacing
Mulching

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

M1 16.29 15.20 3.96 4.43 2.99 3.73 10.31 10.55 137.84 123.75

M2 16.02 15.16 3.94 4.21 2.90 3.57 9.67 10.34 121.55 102.88

M3 15.34 14.56 3.79 4.03 2.44 3.56 8.00 9.83 93.76 97.61

M4 18.18 17.75 4.62 4.71 3.92 4.11 11.23 11.25 161.60 148.61

M5 19.52 18.69 4.67 5.10 3.92 4.68 12.18 12.65 188.18 165.71

M6 18.88 18.00 4.47 4.70 3.82 4.10 11.89 12.07 168.24 157.03

CD (P=0.05)
Mulching 1.35 0.38 0.15 0.78 9.28

Spacing  0.78 0.21 0.08 0.45 6.35

Interaction 1.90 0.52 0.21 1.11 13.10

Where,   M1 = Paddy straw;  M2
 = Dry grass;  M3 = Dry leaves;  M4 = Red polyethylene; M5 = Green polyethylene and                         

M6 = Transparent polyethylene; S1 = 30 x 15 cm and S2 = 30 x 30 cm.

Ta ble  3: Ef fect of mulch ing and spac ing and their in ter ac tion on fruit qual ity pa ram e ters of straw berry cv. Chan dler.

Treatments TSS (°Brix) Acidity (%) Ascorbic acid (mg/100g)
          Spacing

Mulching

S1 S2 S1 S2 S1 S2

M1 9.83 9.78 0.70 0.71 64.44 55.12

M2 8.96 9.67 0.73 0.71 59.81 49.81

M3 8.70 9.18 0.72 0.72 59.31 52.20

M4 10.42 10.45 0.69 0.65 63.89 71.93

M5 9.88 10.02 0.70 0.61 78.46 77.89

M6 11.23 11.48 0.61 0.61 64.11 76.47

C.D.(P = 0.05)
Mulching 0.17 0.04 0.14
Spacing 0.10 0.02 0.09

Interaction 0.25 0.05 0.19

Where,  M1 =Paddy straw;  M2 =Dry grass;  M3 =Dry leaves; M4 = Red  polyethylene; M5 = Green polyethylene and,                   
M6 = Transparent polyethylene; S1 = 30 ´ 15 cm and S2 = 30 ´ 30 cm.



length, fruit width, fruit weight and yield was found 
in green poly eth yl ene. Same trend of fruit size
(length and width) and weight was sig nif i cantly
re flected in wider spac ing (30 x 30 cm). How ever,
closer spac ing also re vealed good per for mance. 
Per haps it was be cause of the spac ing sys tem. 
Wider spac ing get suf fi cient light and nu tri ents
which re sulted to in crease the size and weight.
Al though, the closer spac ing ac com mo date more
num ber of plants than wider spac ing re sults in
over lap ping of leaves (shelf shad ing) to their
ad ja cent plants and in ter min gled of roots that
in creased com pe ti tion for the avail able re sources
(wa ter, light and nu tri ents). Ahmad (1) stated that
more space avail able for up take of all the nu tri ents
to the fruits where they acted as sink for stor ing the
nu tri ent and fi nally translocated to fruits which are
the source of sink. These ab sorbed nu tri ents might
have been uti lized by the fruits as a re sult of which
there was in crease in size and weight of fruit.
Badiyala and Joolka (4) have also ob served that
wider spac ing have better sized fruits. On the
con trast, Ram et al. (7) reg is tered that the fruit size
(fruit length and width) was in creased as spac ing
de creased. Sim i lar re sult for fruit weight was
ob tained by Ahmad (1). Fruit yield sig nif i cantly
higher at 30 x 15 cm plant to plant spac ing with out
much af fect ing fruit qual ity. Sim i lar re sults on
in creased yield with closer spac ing have also been
re ported by Ram et al. (7) and Sharma (11). 

It is ob vi ous from the data (Ta ble 3) that fruit

qual ity was sig nif i cantly af fected by mulch ing and

spac ings. Better fruit qual ity viz., TSS (°Brix),

acid ity (%) and ascor bic acid (mg/100g) of

straw berry were found in green poly eth yl ene mulch 

which was at par with trans par ent poly eth yl ene

mulch. This might be be cause of in crease in

tem per a ture un der neath the green poly eth yl ene

mulch. The re sult was sup ported by Singh et al.

(13) and Tang et al. (14). Spac ing wise qual ity

at trib utes like TSS (°Brix), acid ity (%) and ascor bic 

acid (mg/100g) were found to be in 30 x 30 cm

en hanced with lit tle or neg li gi ble dif fer ence in the

spac ing of 30 x 15 cm (plant to plant). The re sult

was in con so nance with Tripathi et al. (16) who

re ported that the TSS (°Brix), acid ity (%) and

ascor bic acid (mg/100g) were found higher in

wider spac ing of 40 x 70 cm. It was pos si ble that

more light ex po sure and greater ac cu mu la tion of

photosynthates might have con trib uted to an

in crease in vi ta min C (ascor bic acid) con tent in

berry. Awasthi and Badiyala (2) re ported that TSS

and to tal sug ars were sig nif i cantly higher in wider

spac ing than closer spac ing. 

Among all the mulch ma te ri als,  poly eth yl ene
per formed better than the or ganic mulches i. e.
straw mulch, grass mulch and leaf mulch. This
might be due the fast evap o ra tion from the or ganic
mulches, less sup pres sion of weeds and low
tem per a ture un der or ganic mulches. Sim i lar re sult
was also sup ported by Tang et al. (14).

 From the above dis cus sion it is there fore,
sug gested that the green poly eth yl ene mulch with
the spac ing 30 x 15 cm (plant to plant) suit able for
high yield with out af fect ing the fruit qual ity un der
the Lucknow con di tions. 

AC KNOWL EDGE MENT

Au thors are grate ful to Dr. K. Kumar, Head of
De part ment, Dr. Y. S. Parmar Uni ver sity of
Hor ti cul ture and For estry, So lan, H. P. for

pro vid ing re search ma te ri als.

REF ER ENCES

1. Ahmad, M. F. (2009). Ef fect of plant ing den sity

on growth and yield of straw berry. In dian J.

Hort., 66 (1): 132-134.

2. Awasthi, R. P. and Badiyala, S. D. (1993).

Spac ing and per for mance in some cultivars.

In dian J. Hort., 40(1/2): 29-34.

3. Badiyala, S. D. and Joolka, N. K.(1983). Ef fect

of dif fer ent spac ing on the per for mance of

straw berry cv, Tioga. Haryana J. Hort Sci.,

12(3/4): 165-167.

4. Goulart, L. Barbara and Funt, Rich ard C.

(1986). In flu ence of raised beds and plant

spac ing on growth and yield of straw berry. J.

Amer. Hort. Sci. 111(2): 176-181.

326 Sonkar et al.



5. Gutal, G. B., Bhifare, R. M. and Take, R. L.

(1992). Mulch ing ef fect on yield of to mato crop. 

Ex per i . Agri., 23: 325-332.

6. John son, Mark S. and Fennimore, Ste ven A.

(2005). Weed and crop re sponse to polyethylene 

plas tic mulches in straw berry pro duc tion.

HortScience, 40(5): 1371-1375.

7. Ram, R. B., Maurya, D., Dwivedi, D. H., and

Chaturvedi, S. K. (2009). Ef fect of dif fer ent

spac ings on growth, flow er ing, fruit ing, yield

and qual ity of straw berry (Fragaria x ananassa

Duch.) cv. Chan dler. Adv. Plant Sci., 22(2):

517-519.

8. Ranganna, S. (2007). Hand book of anal y sis and

qual ity con trol for fruit and veg e ta ble prod ucts.

Tata Mc Graw Hill Pub lish ing Co. New Delhi.

9. Singh, R. and Asrey, R. (2005). Growth,

ear li ness and fruit yield of mi cro-ir ri gated

straw berry as af fected by plant ing time and

mulch ing in semi arid re gions. In dian J. Hort.,

62(2): 148-151.

10. Sharma, R. M. and Yamdagni, R. (2000).

Mod ern straw berry cul ti va tion. Kalyani

Pub lish ers, New Delhi. pp: 27-28.

11. Sharma, V. K.  (2009). Ef fect of mulch ing and

row spac ing on growth and yield of straw berry.

In dian J. Hort., 66(2): 271-273.

12. Sharma, V. P. and Sharma, R. R. (2004). The

Straw berry. In dian Coun cil of Ag ri cul tural

Re search, New Delhi. 

13. Singh, A.K., Singh, S.K., Pandey, A.K., Rajan,

K and Kumar, A. (2012). Ef fect of drip

ir ri ga tion and poly thene mulch an pro duc tiv ity

of and qual ity of straw berry (Fragaria ´

annanasa). HortFlora Res. Spect., 1(2) :

131-144.

14. Tang, L., Yang, X. and Han , X. (1984). The

ef fect of mulch ing with sil ver re flex film in

ap ple or chard. Scientia Agri. Sinica, 5: 259-260.

15. Tarara, Julie M. (2000). Mi cro cli mate

mod i fi ca tion with plas tic mulch. HortScience,

35(2): 169-179.

16. Tripathi, V. K., Dwivedi, M. P., Sharma, R. M.

and Agrahari, P. R. (2000). Ef fect of plant ing

date and spac ing on yield and qual ity of

Chan dler straw berry (Fragaria ´ ananassa

Duch.). Haryana J. Hortic. Sci. 29(3/4):

185-186.

17. Uselis, N. (2000). Com par i son of straw berry

plant ing schemes. Sodininkyste-ir-Darzuin-

kyrte. 19(2): 11-12.

18. Wright, C. J. and Sandrang, A. K. (1993).

Density effects on vegetative growth and

reproductive development in strawberry cv.

Hapil. J. Hort. Sci., 68(2): 231-236.

Effect of various mulch materials and spacing on growth, yield and quality of strawberry 327



STUD IES ON SEED VIG OUR DE TE RI O RA TION IN PEA (Pisum sativum L.)
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¹De part ment of Seed Sci ence and Tech nol ogy, Ch. Charan Singh Uni ver sity, Meerut, 250 004 In dia 

²De part ment of Ag ri cul tural Bot any, CSSS (P.G.) Col lege Machhra, Meerut

 AB STRACT: Seed vigour eval u a tion was con ducted on ten pea ac ces sions to study their level
of de te ri o ra tion at vary ing tem per a ture and time du ra tions. The ac ces sions were sub jected to
dif fer ent tem per a ture (30°C and 45°C) and stor age du ra tions (48 hours and 72 hours) dur ing
ac cel er ated age ing. Ob ser va tions were re corded for seed vigour in terms of ger mi na tion
per cent age, ger mi na tion in dex, vigour in dex I, vigour in dex II and elec tro lyte leak age.
Ger mi na tion per cent age and vigor in dex was greatly af fected af ter sub ject ing to large du ra tions
of time at high tem per a ture. The higher tem per a ture (45°C) af ter 72 hours in duced more
elec tro lyte leak age from the some ac ces sions. The re sults re vealed that vigour level of seed
de te ri o rates af ter stor age at high tem per a ture. Sig nif i cant va ri etal dif fer ences were ob served in
ac ces sions in terms of their in her ent ca pac i ties to with stand higher tem per a ture treat ments both
af ter 48 hours and 72 hours. The rate of seed de te ri o ra tion was faster in some ac ces sions as

com pared to other.

Keywords: Seed treat ment, cor re la tion, ac cel er ated age ing, vig our in dex, seed leak age.

Pulses on ac count of their sig nif i cant
con tri bu tion in bal anc ing the nu tri tion and health of 
man and an i mals and due to the stra te gic po si tion in 
the biospectrum of the earth can not be over looked.
They are only the rich est source of pro tein in
ag ri cul tural crop gal axy and have been truly
re ferred as “Unique Jew els” for In dian crop
hus bandry (Swaminathan, 13). The pea has an
im por tant sta tus among plants in gen eral and
among pulses in par tic u lar due to its pe cu liar
qual i ties and ex ten sive hu man con sump tion. A
large amount of qual ity pea seed is re quired for
sow ing to en sure suc cess ful crop es tab lish ment, but 
non avail abil ity of such seeds is a lim it ing fac tor in
boost ing In dia’s pea pro duc tion. High seed and
seed ling vigour is re quired for a good stand
es tab lish ment and suc cess ful crop per for mance in
pea. Va ri et ies with high seed ling vigour are also
needed for better com pet i tive abil ity against weeds. 
Vig or ous seeds will pro duce ex cel lent emer gence
and stand in proper soil en vi ron ment. It can
im prove the chances for sat is fac tory emer gence.
Vigor is of ten im plied when dis cuss ing seed qual ity 
and most grow ers have to use the terms and qual ity
and vigour in ter change ably. Seeds vigour
com prises those prop er ties, which de ter mine the

po ten tial for rapid uni form emer gence and
de vel op ment of nor mal seed lings un der a wide
range of field con di tions (ASPB, 4). The rapid and
syn chro nous ger mi na tion rate as well as good field
es tab lish ment will be char ac ter is tic of vig or ous

seeds.

The vigour lev els of seeds get de creased right
from the seed is pro duced on the mother plant. The
de te ri o ra tion of stored seed is a nat u ral
phe nom e non and the seeds tend to loose vi a bil ity
and vigour even un der ideal stor age con di tions.
(Bhatti and Sato, 5). The rate of seed de te ri o ra tion
var ies greatly from one spe cies to an other and even
among va ri et ies of the same spe cies. The
per for mance ca pa bil i ties of many seeds de te ri o rate
due to vari a tions in tem per a ture, rel a tive hu mid ity
and mois ture con tent in stor age (Ab dul-Baki, 1).
An or ga ni za tion of cel lu lar mem branes is at its peak 
by the time a seed reaches phys i o log i cal ma tu rity
(Ab dul-Baki, 1). Seeds un dergo a struc tural
dis or ga ni za tion pro cess dur ing the dry ing pe riod
be fore har vest, the lower the wa ter con tent, the
greater the dis or ga ni za tion. The de gree of cell
mem brane leak age in re sponse to age ing can be
mea sured inn terms of rate of seed elec tro lyte

leak age (Larson, 11; Khan et al., 10).
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Seed age ing is an im por tant pa ram e ter to
assess/es ti mate the seed vigour. Ac cel er ated age ing 
is a good vigour test for var i ous crop seeds
in clud ing pea (Tyagi, 14). Seeds sub jected to
ac cel er ated age ing lost vigour sooner than vi a bil ity
(Gorecki, 7). The ac cel er ated age ing test is rapid,
in ex pen sive, sim ple and use ful for many spe cies. It
has also shown a good cor re la tion with stand
es tab lish ment in pea (Caldwell, 6). Keep ing the
above points in view, the pres ent in ves ti ga tion was
con ducted to study the be hav iour of var i ous pea
(Pisum sativum L.) va ri et ies to vary ing stor age
pe ri ods through the tech nique of ac cel er ated

age ing. 

MA TE RI ALS AND METH ODS

Ten ge no types/ac ces sions of pea (Pisum
sativum L.) were pro cured from the ge netic stock of 
Di vi sion of Germplasm Col lec tion and Eval u a tion,
Na tional Bu reau of Plant Ge netic Re sources, New
Delhi. The ac ces sions so col lected were raised at
ex per i men tal farm of De part ment of Ge net ics and
Plant Breed ing, Kisan PG Col lege Simbhaoli
Panchsheel Nagar UP dur ing 2010 to in crease the
num ber of seeds. The seeds so col lected were
sub jected to a vigour stud ies in the Seed Test ing
Lab o ra tory of De part ment of Seed Sci ence and
Tech nol ogy, Ch. Charan Singh Uni ver sity, Meerut
In dia dur ing Jan.–Feb., 2010. The tests were
con ducted as per the rec om men da tions of AOSA

(3).

Seeds were eval u ated for seed ger mi na tion,
vigour in dex I, vigour in dex II and elec tro lyte
leak age be fore sub ject ing to ac cel er ated age ing.
Seeds from each ac ces sion were sub jected to
ac cel er ated age ing treat ment at 100% rel a tive
hu mid ity at two dif fer ent tem per a ture (30°C and
45°C) in a con trolled cham ber for 48 hours and 72
hours. For ger mi na tion and vigour tests fol low ing

vigour tests were per formed.

1. Germination Test: Germination test was
conducted using between paper (BP) method of
germination and twenty five seeds per replication
were sown on paper towel. Germination test was

conducted according to the International Seed
Testing Association rules (Anonymous, 2). Seeds
were placed on the surface of double sheets of
paper towel which were moistened with distilled
water. The seeds were covered with other sheet of
paper towel. The sheets were rolled and placed
vertically in a plastic beaker, covered with
polythene bags and placed at 30°C temperature in a
germinator. Germination data were recorded from
day one (D1) to day six (D6). Final count was made
at 6th day. Germination was interpreted as the
percentage of seeds producing normal seedlings

(Anonymous, 2).

Germination percentage

     =
No of normal seedlings

Total no of seeds planted
100´

2. Germination Index: To calculate the
germination index, the number of normal seedlings
was counted from D1 to D6 and the germination
index was calculated for each replicate according to 

following formula suggested by Magurie (12).

SGI =
Number of normal seedlings

Days of I count
+ ..... +

st

                  
Number of normal seedlings

Days of final count

The high value for this pa ram e ter de notes high 

speed of ger mi na tion and con se quently high vigour.

3. Vigour In dex I and Vigour In dex II: The
ger mi na tion per cent age ob tained in the ger mi na tion 
test was used to cal cu late vigour in dex. The vigour
in dex was cal cu lated adopt ing the method of Ab dul 

Baki (1).

Vigour In dex I = Ger mi na tion per cent age x
av er age seed ling length

Vigour In dex II = Ger mi na tion per cent age x

Seed ling dry weight

4. Elec tri cal Con duc tiv ity Test: The seed
ma te rial used for this test was first sub jected to
ac cel er ated age ing at 100% rel a tive hu mid ity and at 
two tem per a ture re gimes of 30°C and 45°C.
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Sev enty five seeds in three rep li ca tions of 25 seeds
each were counted and weighed and placed in a
glass flask con tain ing 100ml of deionized wa ter.
The flasks were cov ered with alu mi num foil to
pre vent con tam i na tion and were shaken in ter -
mit tently. The flasks were kept at 30°C for 20 hours 
(Hampton and Tekrony, 8). The exudates so
col lected were fil tered and con duc tiv ity
mea sure ments were taken us ing por ta ble
con duc tiv ity me ter (Model LT-17). The av er age
val ues ob tained from each ac ces sion were

ex pressed as µ/cm/g.

RE SULTS AND DIS CUS SION 

The re sults of pres ent in ves ti ga tion showed
the vary ing re ac tion of dif fer ent ac ces sions to the

ac cel er ated age ing con di tions.

1. Ger mi na tion Per cent age: The ger mi na -
tion per cent age of the accessions (Table 1) un der
nor mal con di tions ranged from 60.02% (DMR-11)
to 89.95% (NBP-82). Un der ac cel er ated age ing
con di tions the va ri et ies be haved pos i tively to
tem per a ture and time fluc tu a tions. The mean
ger mi na tion of va ri et ies ranged 53.2% to 88.4%.
The in ter ac tion be tween ac ces sions and
tem per a ture was sig nif i cant. The ac ces sions such as 
EC-342007 and DMR-7 lost the ger mi na tion of
seeds faster than NBP-82, NBP-72 and EC-501259
un der both tem per a ture and time du ra tions. A
re duc tion of only 1% was re corded in ac ces sion
NBP-82. The re sults showed that va ri etal
dif fer ences in ger mi na tion per cent age were pres ent
in pea ac ces sions. The re sults also showed that the
rate of de te ri o ra tion var ies with the ac ces sions and
some of the ac ces sions showed faster de te ri o ra tion
as com pared to oth ers. It can be thus con cluded that 
knowl edge is thus im por tant for pre dict ing stor age
con di tions. Iqbal and Smith (9) re ported the sim i lar
re sults while study ing the ac cel er ated age ing in

pea.

2. Ger mi na tion In dex: The ac ces sions
ex hib ited dif fer ent re sponses to ger mi na tion in dex.
The tem per a ture and time du ra tions dur ing age ing
pro cess had a pos i tive ef fect on ger mi na tion in dex.

Un der nor mal con di tions, the mean value of
ger mi na tion in dex var ied from 8.46 to 15.06 (Ta ble
1). The ac ces sion num ber IC-208375 had the
high est value (15.06) and low est value was

re corded in IC-424895.

The in ter ac tion be tween ac ces sions and
tem per a ture was found sig nif i cant. The ac ces sion
IC-208375 again showed a low est re duc tion in
ger mi na tion in dex as com pared to other ac ces sions, 
such as NBP-60 that re corded a high est re duc tion at 
both tem per a tures of 30°C and 45°C (as 8.24 and
8.10). The ac ces sion DMR-7, NBP-611 and
DMR-11 showed a large de cline in ger mi na tion
in dex un der both time du ra tions. The in ter ac tion
be tween ac ces sions and time du ra tions was least
vis i ble in NBP-82, IC-208375 and IC-424815.
NBP-82 showed a slight de crease in ger mi na tion
in dex in ac cor dance with high ger mi na tion
per cent age. The ger mi na tion in dex was higher in
the va ri et ies ex hib it ing greater ger mi na tion

per cent age.

3. Vigour In dex I and Vigour In dex II:
Dif fer ent tem per a ture and stor age con di tions
sig nif i cantly af fected vigour in dex I and vigour
in dex II.NBP-82 ex hib ited vigor in dex I and
EC-342007 pos sessed low est vigour in dex I. Un der 
the nor mal con di tions IC-208375 pos sessed high est 
val ues of vigour in dex II and IC-424895 showed
low est val ues of vigour in dex II. This vari a tion in
vigour in dex could be at trib uted to va ri etal

dif fer ences.

The in ter ac tion of ac ces sions with vary ing
tem per a ture and time du ra tions was sig nif i cant
(Ta ble 2). NBP-82 pos sessed high est vigour in dex I 
and vigour in dex II at 30°C, while as EC-342007
ex hib ited low est vigor in dex val ues at the same
tem per a ture. DMR-11 was most highly af fected by
time du ra tions of 72 hours at 45°C, while
IC-208375 was least af fected by tem per a ture at
45°C. In gen eral a de crease in vigour in dex val ues
(vigour in dex I and vigour in dex II) was found in all 
ac ces sions with in crease in tem per a ture from
30°C-45°C. Re duc tion in shoot length at higher

tem per a ture in pea have also reported.
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Ta ble 1: Ac ces sion means for dif fer ent seed vigour pa ram e ters.

Name of
Accession

Germination
percentage

Germination
index

Vigour index I Vigour index II Electrical
conductivity

(µ/g)

EC-342007 68.58 9.83 558.79 2276.96 23.43

DMR-11 60.02 9.49 658.61 3014.38 13.63

IC-424895 80.58 8.46 967.21 1491.01 28.20

EC-501259 83.16 14.26 745.35 3174.52 9.43

DMR-7 77.0 9.80 779.53 3031.16 22.10

IC-208375 88.0 15.06 2458.64 4643.29 6.63

NBP-72 80.50 10.11 1436.01 3263.36 16.06

NBP-61 70.83 12.60 2248.83 3725.61 16.90

NBP-82 89.75 14.3 2833.23 4193.96 5.43

NBP-60 85.08 11.27 1577.51 1902.86 19.23

Ta ble 2: Ac ces sion means for dif fer ent seed vigour pa ram e ters as af fected by ac cel er ated age ing treat ments.

Name of
Accession

Storage
duration
(hours)

Germination 
percentage

Germination 
index

Vigour index I Vigour index  II Electrical

conductivity
(µ/g)

30°C 45°C 30°C 45°C 30°C 45°C 30°C 45°C 30°C 45°C

EC-342007 48 67.5 65.3 9.20 9.00 496.30 430.33 2024.90 1982.84 24.52 30.35

72 63.3 56.5 8.43 8.44 505.30 410.80 1824.56 1776.56 26.02 36.30

DMR-11 48 59.3 57.4 8.22 8.00 633.20 612.14 2929.40 2820.44 18.00 19.24

72 55.4 53.2 7.49 7.12 523.82 499.24 2680.00 2630.32 22.46 25.28

IC-424895 48 79.3 79.00 8.12 7.32 950.43 930.21 1472.62 1405.42 28.50 42.90

72 78.2 77.6 7.81 7.00 942.70 908.40 1470.66 1382.49 29.23 44.22

EC-501259 48 81.2 79.4 13.98 13.23 732.21 721.23 3036.22 3006.80 10.22 11.92

72 78.4 77.10 12.42 12.22 703.80 688.00 2921.29 2918.20 10.88 14.00

DMR-7 48 72.4 70.2 8.24 8.00 703.42 682.82 2916.25 2820.36 28.20 32.30

72 68.3 66.8 7.33 6.54 700.00 650.40 2728.80 2634.90 27.29 38.82

IC-208375 48 86.4 84.3 15.00 14.66 2444.12 2382.90 4572.10 4458.88 6.92 7.37

72 80.4 75.9 13.92 13.84 2377.42 2365.81 4492.16 4332.40 7.52 8.22

NBP-72 48 78.4 77.0 10.02 9.23 1410.22 1392.23 3122.80 3025.28 17.16 20.25

72 76.3 73.2 10.00 8.80 1402.82 1352.36 3003.22 2916.19 21.40 23.94

NBP-61 48 65.4 63.8 12.40 12.36 2120.72 2022.30 3521.20 3329.92 17.49 20.20

72 58.4 53.7 11.90 11.00 1924.80 1812.16 2822.50 2677.55 22.84 25.28

NBP-82 48 88.4 87.5 14.11 13.80 2742.70 2692.91 4052.66 4009.22 6.00 6.25

72 85.9 80.8 12.96 10.32 2703.81 2680.06 3922.82 3836.41 6.08 6.40

NBP-60 48 80.4 80.2 10.23 9.22 1421.52 1388.46 1898.22 1830.38 20.28 22.80

72 80.4 77.4 8.24 8.10 1416.21 1384.33 1822.30 1725.20 21.92 24.28
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4. Elec tro lyte Leak age: Va ri etal means for
elec tro lyte leak age was sig nif i cantly af fected by
dif fer ent tem per a ture and stor age du ra tions (Ta ble
2). Un der the nor mal con di tions NBP-82 pos sessed
lower seed leak ages and there fore high vigour,
how ever the high est seed leak age was found in
IC-424895 and was hence re ported to be of low est

vigour cat e gory among ac ces sions un der study.

The in ter ac tion be tween elec tro lyte leak age

and tem per a ture was highly sig nif i cant. A

sig nif i cant pos i tive in ter ac tion was also re ported

be tween time du ra tions and elec tro lyte leak age.

NBP-82 was least af fected by tem per a ture

treat ments both at 30°C and 45°C and only <2%

in crease was found in seed exudates read ings by

con duc tiv ity me ter. The ac ces sion DMR-7 was

high est af fected by higher tem per a ture treat ments

both at 48 hour and 72 hour du ra tions. An in crease

of >16µ/g was re corded in DMR-7 at 45°C

tem per a ture af ter 72 hours. In gen eral all the

ac ces sions re sponded pos i tively to the vary ing

tem per a ture and time pe riod du ra tions dur ing

ac cel er ated age ing treat ments. At 30°C tem per a ture 

and 48 hours du ra tion, high est elec tro lyte leak age

was re corded in IC-424895, while NBP-82

pos sessed low est leak age. The ac ces sion NBP-82

was again least af fected at 45°C tem per a ture af ter

72 hours while DMR-7 showed high est elec tro lyte

leak age among the ac ces sions. NBP-82 and

IC-208375 main tained low est leak age when

sub jected to vary ing tem per a ture at 48 hours and 72 

hours, de pict ing spe cific ge no type po ten tials.

The re sults of this in ves ti ga tion re vealed that
the rate of seed de te ri o ra tion in creased with the
in crease in stor age pe ri ods and stor age
tem per a tures. Sig nif i cant dif fer ences in rate of
de te ri o ra tion were ob served among ac ces sions.
Seeds of some ac ces sions de te ri o rated faster than
oth ers un der sim i lar stor age con di tions. The
knowl edge of dif fer ences in rate of seeds
de te ri o ra tion in dif fer ent ge no types may be very
use ful to pre dict seed vigor af ter long term stor age.
It is thus rec om mended that the ger mi na tion test of

the var i ous ge no types should be con ducted at
reg u lar in ter vals for the seeds that are be ing stored
un der or di nary stor age con di tions. Such va ri et ies
that show the high est de te ri o ra tion dur ing test ing
may be re ju ve nated in the field to ob tain fresh seed
with higher vigor lev els. This would cer tainly saver 
the germplasm of seed banks from abrupt
de te ri o ra tion and can be saved for lon ger time
pe ri ods. In this way, it could be en sured that the
germplasm ma te rial ly ing in the seed banks has
high vigour per cent age.

It is fur ther rec om mended that the de tailed
study should be un der taken to know the prob a ble
cause of rapid seed de te ri o ra tion in dif fer ent
va ri et ies of the same spe cies. The in for ma tion so
col lected would en able us to gen er ate such stor age
con di tions that would have low est lim it ing ef fect
on the vigor of the seeds. In this way, the
germplasm eval u a tion for stor age life may be better 
un der stood.
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EF FECT OF FO LIAR SPRAY OF ZINC, CAL CIUM AND BO RON ON

SPIKE PRO DUC TION OF GLAD I O LUS CV. EUROVISION

Prashant Katiyar1, O.P. Chaturvedi1 and Dheerendra Katiyar2

1De part ment of Hor ti cul ture; 2De part ment of Veg e ta ble Sci ence

Chandra Shekhar Azad Uni ver sity of Ag ri cul ture and Tech nol ogy, Kanpur

AB STRACT: The ex per i ment was car ried out on spike pro duc tion in glad i o lus with fo liar
ap pli ca tion of zinc, cal cium and bo ron, con ducted in Hor ti cul ture Gar den of Chandra Shekhar
Azad Uni ver sity of Ag ri cul ture and Tech nol ogy Kanpur in Ran dom ized Block De sign with four
rep li ca tions. The ex per i men tal plots were 32 with 8 treat ments and two lev els of each of zinc,
cal cium and bo ron treated by zinc sul phate 0.5%, cal cium sul phate 0.75% and bo rax 0.2%,
re spec tively. The re sults obtained revealed that the fo liar spray of zinc at 0.5% to glad i o lus plant

was most ef fec tive to in flu ence the veg e ta tive growth and size of spike.

Keywords : Zinc, calcium, bo ron, glad i o lus, spike. 

Glad i o lus, called as sword lily, be longs to the
fam ily Iridaceae and sub-fam ily Irioideae.
Glad i o lus is a beau ti ful or na men tal bul bous plant,
grown for its be witch ing and glam or ous flow ers.
Glad i o lus is grown on her ba ceous bor der, bed,
rock ery, pot and also for cut flow ers. It is grown in
sev eral states of In dia and suc cess fully grown in
plains as well as in hills. Light sandy soil with 6-7
pH and sunny weather is most con ge nial for its
growth and de vel op ment. Among micro nut ri ents
re quired in small amount, bo ron is nec es sary for
car bo hy drate trans port within the plant (Gauch and
Dugger, 3) and most of ab sorbed by the plants in
undissociated bo ric acid (H3BO3). Zinc is es sen tial
for car bon di ox ide evo lu tion and uti li za tion of
car bo hy drate and phos pho rus me tab o lism and
syn the sis of RNA. Cal cium is the chief con stit u ent
of plants as cal cium pectate of mid dle lamella of
cell wall and is there fore an im por tant part of of
plant struc ture. Cal cium is in volved in for ma tion of
cell mem brane (Hew itt, 4). In our coun try not much 
work has been done on pro duc tion of spike of
glad i o lus with fo liar spray of zinc, cal cium and
bo ron. Most of the in for ma tion are avail able based
on the work car ried out in the for eign coun tries but
those rec om men da tions can not be help full as such
un der our agro-cli ma tic con di tion. Hence the
cul tural man age ment and tech nique for qual ity
flower spike pro duc tion need to be de vel oped and
stan dard ized. Keep ing in view of the above facts, a

field trial was con ducted to in ves ti gate the ef fect of
zinc, cal cium and bo ron on pro duc tion of spike in

glad i o lus. 

MA TE RI ALS AND METH ODS 

The ex per i ment was laid out at Hor ti cul ture
Gar den of C.S.A. Uni ver sity of Ag ri cul ture and
Tech nol ogy Kanpur, where cli ma tic con di tion is
semi-arid and sub-trop i cal with hot dry sum mer and 
cold win ter. Ran dom ized block de sign with four
rep li ca tion was se lected for eight treat ment
com bi na tions, two lev els of each of zinc (0, 0.5%),
cal cium (0, 0.75%) and bo ron (0, 0.2%) were
treated by zinc sul phate 0.5%, cal cium suphate
0.75% and borax 0.2%, re spec tively. The plant ing
of corms were done on Ist No vem ber 2006. First
ir ri ga tion at the time of land prep a ra tion and reg u lar 
ir ri ga tion was car ried at an in ter val of 15 days. Five
weed ings and six hoe ings dur ing crop ping pe riod
were done and earthing was done when the plant
was erect at 20-22 cm height. The ni tro gen,
phos pho rus and pot ash were ap plied at the rate of
160, 80, 80 kg/ha, re spec tively. Ni tro gen was
ap plied in two splits of 80 kg/ha each, first at the
time of soil prep a ra tion and sec ond at six leaves
stage. FYM was also added equal y to each plot. The 
ob ser va tions on each treat ment were re corded on

the growth and flow er ing char ac ters.

RE SULTS AND DIS CUS SION

The field trial was mainly aimed to test the
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ef fect of zinc, cal cium and bo ron on growth,
flow er ing and pro duc tion of spike of glad i o lus.
Cal cium is the chief con stit u ent of plant, as cal cium 
pectate is pres ent in mid dle lamella of cell wall. It is 
es sen tial for me tab o lism, ni trate as sim i la tion,
bind ing of nu cleic acid with pro tein and is in volved 
in the for ma tion of cell mem branes. Bo ron is
nec es sary for car bo hy drate trans port within the
plant. It is in volved in cel lu lar dif fer en ti a tion and
de vel op ment, ni tro gen me tab o lism, fer til iza tion,
ac tive salt ab sorp tion, harmone me tab o lism, wa ter
re la tion and pho to syn the sis. Zinc is in volved in the
syn the sis of auxin and it is es sen tial for car bon
di ox ide evo lu tion and uti li za tion of car bo hy drate
and phos pho rus me tab o lism. Glad i o lus be ing a
mono cot y le don ous plant has no cam bium in
vas cu lar bun dles and the vas cu lar bun dles were
scat tered among the tis sue un sys tem at i cally. So that 
no sec ond ary growth oc curs in this plant and
mostly it grows with out branch ing. There fore,
spray ing of zinc, cal cium and bo ron were sprayed

sep a rately. 

The plant height was not sig nif i cantly af fected 
by spray ing of cal cium. The dala (Ta ble 1)
in di cated that the max i mum height (81.70cm) was
attained with the ap pli ca tion of zinc. The rea son for 
in crease in height of glad i o lus might be due to
in creased syn the sis of auxin and uti li za tion of
car bo hy drate in im prov ing plant height. Similar
find ing was also ob served by Chaturvedi et al. (1)

in glad i o lus.

The length of leaf (57.73 cm) was in creased
sig nif i cantly with the ap pli ca tion of zinc than
cal cium and bo ron. It has been found to play a role
in co ag u lat ing the auxin con cen tra tion and ni tro gen 
me tab o lism, which might have in creased the length
of leaf in glad i o lus plant. It has also been ob served
by Sharova et al. (6) and Singh and Tiwari (7). The
ap pli ca tion of zinc in creased the width of leaf from
2.50 cm to 2.85 cm, which was in similar to
Sharova et al. (6) in glad i o lus and Singh and Tiwari 

(7) in on ion. 

The ap pli ca tion of bo ron in creased the num ber 
of leaves per plant from 7.96 to 8.44 and

ap pli ca tion of zinc from 7.66 to 8.74, though the
ap pli ca tion of cal cium was not sig nif i cant but in
pres ence of zinc in creased the num ber of leaves per
plant up to 9.99. this in di cated sig nif i cant
in ter ac tion of cal cium and zinc. The find ings are
agreed with the find ing of Chaturvedi et al. (1) and
Singh et al. (8) in glad i o lus. The plants treated with
cal cium and zinc ex hib ited more thick ness i.e. 1.49
cm and 1.52 cm, re spec tively. How ever, bo ron and
dif fer ent in ter ac tions could not in crease this
pa ram e ter. This find ing is sup ported by Makory et
al. (5) in on ion. The width of plant at bot tom was
sig nif i cantly af fected by the fer til iza tion with

cal cium and zinc.

The qual ity of glad i o lus spike is mostly
rec og nized by its length and thick ness. Length of
spike is di rectly re lated to nu tri tional sta tus of
plant. The ap pli ca tion of cal cium and zinc
in creased the length of spike sig nif i cantly
sup ported by Chaturvedi et al. (1). The thick ness of
spike was ob served max i mum with ap pli ca tion of
zinc fol lowed by cal cium and bo ron. Bo ron was not 
found sig nif i cant sup ported by Fernandes and Lima 
Filho  (2). Rachis is flower bear ing place of the
spike which length was in creased by bo ron and
cal cium ap pli ca tion. Lon gest rachis was pro duced
with cal cium fol lowed by bo ron, and zinc could not 
af fect it sig nif i cantly, which is in support of
Fernandes and Filho (2). Num ber of flo rets per
spike is also a pa ram e ter for judg ment of qual ity of
spike. Flo rets al ways face in one di rec tion and as
such more num ber of flo rets per spike en hance the
beauty of the spike. The spray of bo ron and cal cium 
had im proved the num ber of flo rets per spike
sig nif i cantly. The width and length of flo ret was
sig nif i cantly af fected by ap pli ca tion of bo ron and
zinc but cal cium could not af fect this trait. This

find ing is in con so nance with Chaturvedi et al. (1). 

Keep ing in view the re sults sum ma rized above 
it may be con cluded that the fo liar spray ing of zinc
at 0.5% to glad i o lus plants was ef fec tive in
in flu enc ing most of pa ram e ters par tic u larly the size 
of spike and flo ret fol lowed by cal cium @ 0.75%
ap pli ca tion.     
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PATH CO EF FI CIENT ANAL Y SIS FOR SEED LING VIG OUR IN RAD ISH

(Raphanus sativus L.) GE NO TYPES 
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AB STRACT: The field study was con ducted dur ing 2010 and 2011 to as sess the ge netic
vari abil ity, inter re la tion ships and di rect and in di rect ef fects of com po nent traits on seed ling
vig our in rad ish. High PCV val ues were ob tained in FW (32.68%), SVI I (32.43%) and
ger mi na tion % (30.84%). Mag ni tude of heritability was high est for SVI II (92.00%) fol lowed by
ger mi na tion (89.45%), 100 SW (84.90%), ASL (83.16%) and SVI I (79.27%). SVI II showed
pos i tive and highly sig nif i cant as so ci a tion with ger mi na tion %,ASL, seed ling FW, DW, 100 SW
and SVI I. Path anal y sis in di cated pos i tive di rect ef fect of SVI I, shoot length and 100 seed
weight on seed ling vig our  in dex II of dif fer ent rad ish ge no types. The seed ling vig our in dex I,
shoot length, 100 seed weight and ger mi na tion % ex hib ited strong pos i tive cor re la tion and
pos i tive or neg a tive di rect ef fects on seed ling vig our in dex II emerged as im por tant com po nents
con trib ut ing to seed ling vig our. There fore, se lec tion pri mar ily based on these traits may lead to
iden ti fi ca tion and de vel op ment of ge no types hav ing better field emer gence and seed ling
es tab lish ment.

Keywords: Rad ish, ger mi na tion, heritability, path co ef fi cient, vig our index.

Seed is the sin gle most im por tant fac tor in
suc cess ful, uni form and high yield ing crop. Good
seed qual ity en sures high seed ling vigour, better
crop es tab lish ment and more bio mass. Seed vigor is 
the cu mu la tive im pact of com plex ge netic and eco
phys i o log i cal fac tors on the growth and
de vel op ment of en do sperm and em bryo (Sun et al,
16). “Seed vigour com prises those prop er ties which 
de ter mine the po ten tial for rapid, uni form
emer gence and de vel op ment of nor mal seed lings
un der a wide range of field con di tions” (AOSA, 2).
Quicker and uni form ger mi na tion fa cil i tates
su pe rior crop yields, whereas slow and non uni form 
ger mi na tion due to low seed vig our de creases crop
yields (Basra et al, 3). Seed vig our de ter mines the
abil ity of the plants to emerge through soil and
grow vigourously un der var ied en vi ron men tal
con di tions (TeKrony and Egli, 17). Seed ling vig our 
is de ter mined by var i ous seed and phys i o log i cal
pa ram e ters like seed weight or size, ger mi na tion,
seed ling dry weight and vig our in di ces (Awan et al,
4). The fac tors are of im mense im por tance in case
seed vig our is used as se lec tion cri te rion in crop
im prove ment (Ev ans and Bhatt, 6). In for ma tion on
char ac ter as so ci a tion re spon si ble for seed ling

vig our among these traits is very lim ited in rad ish.
Since, rad ish is a short du ra tion, quick grow ing
crop and de pend ing upon cultivars and sea son
reach mar ket able ma tu rity in 30-45 days af ter
sow ing. True es ti ma tion of seed ling vig our and its
as so ci a tion with con trib ut ing char ac ters is very
im por tant to raise quick, vig or ous and uni form crop 
stand. There fore, a pre lim i nary study was
con ducted to es ti mate the ge netic vari abil ity, inter
re la tion ship and di rect and in di rect ef fects of
com po nent traits on seed ling vig our in rad ish for
se lec tion of ge no types hav ing su pe rior
es tab lish ment un der field conditions. 

MA TE RI ALS AND METH ODS

The ex per i ment was con ducted at the
Veg e ta ble Re search Farm, Punjab Ag ri cul tural
Uni ver sity, Ludhiana dur ing the win ter sea son of
2010 and 2011. The ex per i ment was laid out in a
ran dom ized block de sign rep li cated thrice. Plant ing 
ma te rial con sisted of six ge no types of rad ish
(Raphanus sativus L.) with three of them
com mer cial cultivars (viz. Punjab Pasand, Punjab
Safed and Pusa Chetki) and three ad vanced lines
de vel oped at PAU, Ludhiana (RL 2210, RL 9-1 and
RL-25). 200 seeds of each ge no type were sown on
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ridges in the first week of Oc to ber each year.
Be tween ridges and plant spac ing were main tained
at 45 cm and 7.5 cm, re spec tively. Af ter one week
of ger mi na tion twenty ran domly se lected seed lings
from each treat ment were up rooted and washed
care fully to re move soil par ti cles. Data were
re corded  ac cord ing to  rules es tab lished by ISTA
(8) on ger mi na tion (%), seed ling shoot length (cm),
seed ling root length (cm), seed ling fresh weight (g), 
seed ling dry weight (g), 100 seed weight (g) and 
seed ling vig our in di ces I and II. The ger mi na tion
was cal cu lated as per num ber of seed lings ob tained
af ter one week of sow ing to the num ber of seeds
sown. For de ter min ing seed ling dry weight ten
ran domly se lected nor mal seed lings were dried at
110°C for 17 hours and weighed. For 100 seed
weight, 100 seeds were ran domly se lected from
each ge no type and weighed on elec tronic bal ance.
Vig our in di ces were cal cu lated us ing the for mula
given by Ab dul-Baki and An der son (1). The path
anal y sis of di rect and in di rect ef fects for seed ling
vig our was cal cu lated as sug gested by Dewey and

Lu (5). 

RE SULTS AND DIS CUS SION

 Mean per for mance of ge no types (Ta ble 1)
showed sig nif i cant ex is tence of vari a tion for
var i ous pa ram e ters ex cept av er age seed ling root
length (Singh et al., 15). High est ger mi na tion was
re corded in Punjab Pasand (93.67%) and low est in
Punjab Safed (71.67%) af ter one week of sow ing.
Seed ling shoot length (ASL) was max i mum for
Punjab Pasand (13 cm) fol lowed by RL-2210(12.3
cm) which was sta tis ti cally at par and was least in
RL-25 (8.6 cm). ARL (seed ling root length) was
non sig nif i cant among all the ge no types. Punjab
Pasand also ex hib ited sig nif i cantly high val ues for
FW (fresh weight, 9.8 g), seed vig our in dex I (SVI
1, 1218.37), seed vig our in dex 2 (SVI 2, 61.16) and
100 seed weight (1.06 g). RL-22 was sta tis ti cally at
par with Punjab Pasand in FW, DW, vig our index 2
and 100 seed weight. RL-25 re corded low est val ues 
for DW (0.41), seed ling vig our in dex 1 (661.3),
seed ling vig our in dex 2 (31.55) and 100 seed
weight (0.88). Vari abil ity among the char ac ters can

well be mea sured by the range and genotypic
co ef fi cient of vari a tion. In most of the traits
dif fer ence be tween phenotypic (PCV) and
genotypic co ef fi cients of vari a tion (GCV) was not
too high in di cat ing less im pact of en vi ron men tal
fluc tu a tions (Rahman et al., 13).  High GCV and
PCV val ues sug gest that di rect se lec tion of these
traits can be more ben e fi cial. Phenotypic
co ef fi cients of vari a tions were high est in FW
(32.68%), fol lowed by SVI I (32.43%),
ger mi na tion (30.84%), SVI II (27.04 %) and it was
least for 100 SW (7.97%).

High mag ni tude of heritability was ob served
for all the traits ex cept for SRL (28.87%).
Heritability es ti mates were high est for SVI 2
(92.00%) fol lowed by ger mi na tion (89.45%), 100
SW (84.90%), SSL (83.16%), FW (80.62%) and
SVI 1(79.22%), de pict ing that se lec tion for these
char ac ters can be ef fec tive for im prov ing seed ling
vig our in rad ish (Saeidi, 14). High heritability and
PCV val ues for FW, SVI I, SVI II and fi nal
ger mi na tion % show dom i nant ef fect of genes and
thus bear sig nif i cant ef fect on de ter min ing ge netic
vari abil ity among rad ish ge no types (Malik et al.,
11).

 Seed vig our is of ut most im por tance in early
crop es tab lish ment and growth. Cor re la tion
co ef fi cient  (Ta ble 2) for seed ling vig our in dex II
showed sig nif i cantly high and pos i tive cor re la tion
with ger mi na tion, shoot length, fresh and dry
weight, 100 seed weight and vig our in dex I.
Ge no types show ing better vig our and shoot length
would lead to better field per for mance. (Kamoshita
et al., 9). Fur ther genotypic cor re la tion co ef fi cients
were gen er ally higher than phenotypic cor re la tion
co ef fi cients im ply ing strong as so ci a tion be tween
two char ac ters at genotypic level.  From 100 seed
weight, re sults also showed that bolder the seed
higher the vig our in dex (Willenborg, 18).
Ger mi na tion ex hib ited sig nif i cant and pos i tive
cor re la tion with all the traits ex cept root length,
in di cat ing de pend ence upon these traits on fi nal
seed ling num ber (Munir et al., 12). How ever, root
length showed sig nif i cantly neg a tive cor re la tion
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Ta ble 1: Means, range, phenotypic and genotypic co ef fi cients (PCV and GCV) of vari a tion, heritability and ge netic
ad vance of var i ous seed ling char ac ters in dif fer ent ge no types of rad ish.

Genotype Germ.
(%)

ASL
(cm)

ARL
(cm)

FW
(g)

DW
(g)

100 SW
(g)

SVI I SVI II

Punjab Pasand 93.67 13.00 5.57 9.80 0.65 1.06 1218.37 61.16

RL 9-1 73.67 9.40 5.30 6.29 0.45 0.90 694.77 33.27

Pusa Chetki 73.00 11.30 4.93 8.35 0.57 0.96 825.40 41.77

RL 2210 79.67 12.30 4.67 9.78 0.69 1.03 980.80 54.85

PP x AR 77.00 8.60 4.93 5.49 0.41 0.88 661.73 31.55

Punjab Safed 71.67 9.33 5.87 4.55 0.45 0.92 669.30 32.03

C.D.(P=0.05) 4.99 1.42 NS 1.92 0.15 3.10 117.06 11.40

Mean 78.11 10.65 5.21 7.37 0.49 0.95 841.72 42.43

Range 73.67-91.67 8.6-13 4.66-5.86 4.55-9.8 0.41-0.69 0.87-1.06 661.73-1
218.36

31.54-61.
16

PCV 30.84 17.91 11.92 32.68 25.69 7.97 32.43 27.04

GCV 29.25 16.33 6.41 29.34 19.97 7.34 28.87 25.94

h2 % 89.45 83.16 28.87 80.62 60.42 84.90 79.22 92.00

Ger mi na tion—Germ. Av er age Shoot Length—ASL, Av er age Root Length—ARL, Fresh Weight—FW, Dry
Weight—DW, 100 Seed Weight—100 SW, Seed Vig our In dex I—SVI I, Seed Vig our In dex II—SVI II,
Phenotypic co ef fi cient of vari a tion (PCV), Genotypic co ef fi cient of vari a tion (GCV), Heritability in broad sense
(h2)
Ta ble 2: Genotypic (G) and phenotypic (P) cor re la tions among dif fer ent seed ling char ac ters in rad ish. 

Character Germ ASL ARL FW DW 100 SW SVI 1 SVI II

Germ. G                
P

1.000

1.000

0.738**

0.662**

0.261

-0.060

0.710**

0.604*

1.703**

0.491

0.805**

0.697**

0.879**

0.941**

0.908**

0.789**

ASL G

P

1.000

1.000

-0.278

-0.055

0.918**

0.900**

0.910**

0.886**

0.805**

0.795**

0.829**

0.769**

0.892**

0.835**

ARL G                   
P

1.000

1.000

-0.731**

-0.152

-0.708**

0.005

-0.089

-0.023

-0.335

0.003

-0.010

-0.045

FW
G
P

1.000

1.000

0.892**

0.815**

0.915**

0.811**

0.905**

0.849**

0.747**

0.841**

DW G

P                      

1.000

1.000

0.809**

0.697**

0.879**

0.754**

0.908**

0.881**

100 SW G

P                       

1.000

1.000

0.895**

0.867**

0.924**

0.905**

SVI 1 G

P                       

1.000

1.000

0.910**

0.898**

*P=0.05, **P=0.01

Ger mi na tion— Germ., Av er age Shoot Length—ASL, Av er age Root Length—ARL, Fresh Weight—FW, 

Dry Weight—DW, 100 Seed Weight—100 SW, Seed Vig our In dex I—SVI I, Seed Vig our In dex II—SVI II
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with fresh weight and dry weight. The cor re la tion
ma trix of com po nent seed ling traits showed that
im prov ing ger mi na tion, seed ling length, fresh
weight and 100 seed weight would im prove the
seed vig our in dex and thereby better field
es tab lish ment (Lafond and Baker, 10).

Cor re la tion es ti mates give broader in di ca tion
of in ter re la tion ship be tween com po nent traits
which could be mis lead ing due to mu tual
can cel la tion of ef fects of com po nent char ac ters.
But path co ef fi cient anal y sis pro vides for
par ti tion ing of re la tion ships into spe cific di rect and
in di rect ef fects de pict ing the rel a tive in flu ence of
each of the causal fac tors in de ter min ing the
seed ling vig our (Guler et al., 7). Path co ef fi cient
anal y sis tak ing seed ling vig our in dex II as
de pend ent vari able re vealed that seed ling vig our
in dex I, shoot length and 100 seed weight ex hib ited
strong pos i tive di rect ef fect with SVI II with mi nor
pos i tive con tri bu tion from ger mi na tion %.
Cor re la tion and path anal y sis in di cated ma jor
pos i tive re la tion ship and con tri bu tion of SVI I,
ASL and 100 SW, thereby im ply ing that these could 
be ex ploited for se lec tion of ge no types with high
seed ling vig our (Singh et al, 15). DW though
hav ing sig nif i cant pos i tive cor re la tion had
sig nif i cant neg a tive di rect ef fect on seed ling
vig our. FW ex erted small neg a tive di rect ef fect but

great in di rect ef fect via DW and 100 SW on
seed ling vigour.

The re sults from the pres ent study in di cated
high heritability for ger mi na tion %, ASL, 100 SW
FW, DW and SVI I. These char ac ters also ex hib ited 
pos i tive or neg a tive di rect ef fect on seed ling vig our 
in dex II. There fore, em pha sis should be laid these
com po nent traits while se lect ing ge no types with
high seed ling vig our in dex for crop im prove ment.
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Ta ble 3: Di rect and in di rect ef fects of com po nent traits on seed vig our in rad ish.                                   

Trait Direct
effect

Germ. ASL ARL SFW SDW 100
SW
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EF FECT OF POST HAR VEST CAL CIUM TREAT MENTS ON SHELF LIFE 

OF GUAVA CV. SARDAR
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AB STRACT: The search for tech niques that ex tend shelf life of guava (Psidium guajava) fruits,
and re duce its postharvest losses is de sir able. The ob jec tive of this work was to eval u ate the
ef fects of con cen tra tions of com pet i tive eth yl ene an tag o nist cal cium salts on con ser va tion of
‘Sardar’ guava fruits. Treat ments con sisted of 0.5%, 1% Cal cium Ni trate, 1%, 2% Cal cium
Chlo ride and 0.5%, 1% Cal cium Sul phate for 12 days fol lowed by stor age at room tem per a ture.
The ap pli ca tion of 1% cal cium chlo ride for 12 days was ef fi cient in de lay ing loss of skin color and
in keep ing fruit firm at room tem per a ture stor age. The cal cium ni trate at 1% con cen tra tion was
ef fi cient in de lay ing skin colour loss only when fruits were stored at 25°C. The ef fect of cal cium
ni trate was quite sig nif i cant on the re duc tion of ac cept abil ity in both the year. The prod uct was

ef fi cient in de lay ing the rip en ing of fruits and the cal cium chlo ride 1% showed the best ef fect.

Keywords: Psidium guajava, cal cium salts, postharvest, shelf life.

Guava is a highly per ish able fruit that shows
in tense met a bolic ac tiv ity. Guava fruit be comes
fully ripe be tween three and five days at room
tem per a ture. Due to such perishability, the con trol
of fruit rip en ing is fun da men tal for in creas ing shelf
life af ter har vest. The main fac tors de pre ci at ing
postharvest qual ity in guava are fast loss of green
color, ex ces sive soft en ing, high rot in ci dence and
loss of tur gid ity. Stor age un der low tem per a tures
has been con sid ered the most ef fi cient method to
main tain qual ity of most fruits due to its ef fects on
re duc ing res pi ra tion rate, tran spi ra tion, eth yl ene
pro duc tion, rip en ing, se nes cence and rot
de vel op ment. In cli mac teric fruits, like most guava
va ri et ies, the re duc tion of tem per a ture de lays the
cli mac teric peak and, con se quently, rip en ing. The
re cent find ing that cal cium salts in ter feres with
eth yl ene link to its bind ing site rep re sents a new
and pow er ful tool for postharvest man age ment of
cli mac teric fruits. It has been dem on strated that the
in hi bi tion of the eth yl ene ac tion de lays rip en ing
and se nes cence in sev eral spe cies of fruits, such as
cus tard ap ple, guava, pa paya, peach, ap ple,
av o cado, ba nana, straw berry and to mato. Pre vi ous
find ing re vealed that post-har vest treat of var i ous
cal cium com pounds and pack ag ing ma te rial have
en hanced their shelf life, reducedment the spoil age

and im proved the fruit qual ity by de lay ing the on set 
of se nes cence dur ing stor age. Keep ing in view the
im por tance on crop, a study was car ried out to
study the ef fect of these com pounds on stor age life
of guava cv. Sardar.

MA TE RI ALS AND METH ODS

Healthy, firm, ma ture and uni form sized fruits
of guava cv. Sardar were pro cured from a
Hor ti cul ture Re search Cen tre, Pattharchata on
De cem ber 2007 and De cem ber 2008. The anal y sis
car ried out at post har vest lab o ra tory of the
De part ment of Hor ti cul ture, Col lege of
Ag ri cul ture, G.B. Pant Uni ver sity of Ag ri cul ture
and Tech nol ogy, Pantnagar. The se lected fruits
were cleaned, dried and treated dip method with
Ca(NO3)2 (0.5% & 1%), CaCl2 (1% & 2%) and
CaSO4 (0.5% & 1%) and sub se quently packed in
news pa per and stored at room tem per a ture
(28-33°C) and 85-90% rel a tive hu mid ity. There
were seven treat ments rep li cated thrice in a
com pletely ran dom ized de sign (CRD). Fruit
sam ples, each com pris ing of 5 fruits, were drawn
from each treat ment at the time of stor age and
sub se quently af ter 0, 3, 6, 9 and 12 days of stor age
for physico-chem i cals anal y sis. The fruits were
eval u ated for pal at abil ity rat ing by a panel of 7
judges on a score card (10 points). Re duc ing sugar,
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nonreducing sugar and pec tin were analysed by
fol low ing stan dard pro ce dures sug gested by
Ranganna (8).

RE SULTS AND DISCUSSION

Data de picted in Ta ble 1 showed that
pack ag ing ma te rial, stor age pe riod, chem i cals and
their in ter ac tion had sig nif i cant ef fect on re duc ing
sugar of fruit dur ing both the years. Max i mum
re duc ing sugar (3.18 % and 3.55 %) was found in
wrapped fruits as com pared to un wrapped fruits
dur ing both the years. With re spect to stor age
pe riod, max i mum re duc ing sugar (3.42%) was
ob tained at 6th day of stor age in first year, whereas,
high est (3.83 per cent) re duc ing sugar was found in
sec ond year at 3rd day of stor age. On the other hand, 
min i mum re duc ing sugar (2.91% and 3.05%) was
found at 12th days of stor age dur ing both the years,
re spec tively. Dif fer ent chem i cals sig nif i cantly
af fected the re duc ing sugar con tent of fruits.
High est re duc ing sugar (3.21% and 3.58%) was
ob tained with cal cium chlo ride (1%) and low est
(3.08% and 3.44%) was found in con trol dur ing
both the years, re spec tively. The pres ent stud ies
in di cated that af ter an ini tial rise, the per cent age of
re duc ing sugar de creased dur ing stor age in am bi ent 
tem per a ture. The ini tial in crease in re duc ing sug ars
might be due to the con ver sion of starch into
re duc ing sugar and later on re duc tion could
pos si bly might be due to uti li za tion of sugar in the
pro cess of res pi ra tion. The per cent age of re duc ing
sugar in creased slowly dur ing stor age pe riod upto
6th day and de clined there af ter. The high est con tent 
of re duc ing sugar was ob tained in the wrapped
fruits kept in pa per box. The in crease in re duc ing
sugar might be due to in creased rate of starch
deg ra da tion by a am y lase ac tiv ity (Hiwale and
Singh, 7). In gen eral, af ter 6th day of stor age,
re duc ing sugar de creased in all the treat ments
in clud ing con trol.

Con ver sion of starch and poly sac cha rides into 
sim ple sugar with the ad vance ment of stor age was
re spon si ble for the in crease of re duc ing sugar and
on ward de cline was due to the uti li za tion of sugar
in evapo-tran spi ra tion and other bio chem i cal

ac tiv i ties. Data pre sented in Ta ble 1 showed that
pack ag ing ma te rial, stor age pe riod and chem i cals
and their in ter ac tion had sig nif i cant ef fect on
non-re duc ing sugar con tent of fruits dur ing both the 
years. Max i mum non-re duc ing sugar was found in
wrapped fruits dur ing both the years. In case of
stor age pe riod, max i mum non-re duc ing sugar
(4.08%) was re corded at 9th day of fruit stor age in
first year, whereas, in sec ond year non-re duc ing
sugar was high est (3.66%) at 6th day of stor age.
Min i mum non-re duc ing sugar (3.61 and 3.53%)
was found at 12th days of stor age dur ing both the
years. With re spect of chem i cals, high est
non-re duc ing sugar (4.06% and 3.67%) was
ob tained in cal cium chlo ride 1% while min i mum
non-re duc ing sugar was found in con trol dur ing
both the years. Per cent age of non-re duc ing sugar of 
guava fruit in creased up to 9th day of stor age at
room tem per a ture. This in crease in sugar in the
be gin ning of stor age is mainly due to the hy dro ly sis 
of starch. These re sults are in line of the re sults
re ported by Biale (2) in mango fruit dur ing stor age.
Fruit treated with cal cium com pound as post
har vest treat ments re tained higher per cent age of
non-re duc ing sugar dur ing stor age. High
per cent age of non-re duc ing sugar was found in
wrapped fruits kept in pa per boxs. The in crease in
the non-re duc ing sugar might be due to the
hy dro ly sis of starch and con ver sion in the pec tin
sub stances from wa ter in sol u ble to wa ter sol u ble
frac tions. These re sults are in ac cor dance with the
find ings of Chahal and Bal (3), Chundawat et al.
(5), Hiwale and Singh (7) and Singh et al. (11).

It is ev i dent from the data pre sented in Ta ble 2
that pack ag ing ma te rial, stor age pe riod and
chem i cals had sig nif i cant ef fect on pec tin con tent
of the fruits in both the years of the in ves ti ga tion. In 
first year, max i mum pec tin con tent was ob tained in
wrapped fruits and min i mum pec tin con tent was
found in un wrapped fruits. Sim i lar trend was
ob served in sec ond year. Stor age pe riod also had
pro nounced ef fect on pec tin con tent of the fruits. It
was found max i mum at the day of har vest (zero
day) and min i mum at 12th day of stor age. Sim i lar
pat tern was ob tained dur ing sec ond year. Pec tin
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Table1: Ef fect of  post har vest treat ments on the re duc ing sugar (%) and non-re duc ing sugar (%) in guava fruits cv.
       Sardar.

Treatments Reducing sugar (%) Non reducing sugar (%)

2007 2008 Pooled 2007 2008 Pooled

Packing  (W)

Unwrapping 3.15 3.47 3.31 3.82 3.63 3.73

Wrapping 3.18 3.55 3.37 3.99 3.65 3.82

C.D. (P=0.05) 0.03 0.033 0.032 0.057 0.051 0.054

Storage days (D)

0 days 3.11 3.67 3.39 3.92 3.55 3.74

3 days 3.28 3.83 3.56 3.83 3.66 3.75

6 days 3.42 3.62 3.52 4.07 3.80 3.94

9 days 3.13 3.38 3.26 4.08 3.66 3.87

12 days 2.91 3.05 2.98 3.61 3.53 3.57

C.D. (P=0.05) 0.047 0.052 0.050 0.090 0.081 0.086

Chemical (T)

Ca(NO3)2 0.5% 3.18 3.49 3.34 3.99 3.64 3.82

Ca(NO3)2 1.0% 3.2 3.53 3.37 4.05 3.66 3.86

CaCl2 1.0% 3.21 3.58 3.40 4.05 3.67 3.86

CaCl2 2.0% 3.18 3.53 3.36 4.02 3.65 3.84

CaSO4 0.5% 3.17 3.5 3.34 4.00 3.64 3.82

CaSO4 1.0% 3.17 3.5 3.34 3.97 3.63 3.80

Control 3.08 3.44 3.26 3.25 3.59 3.42

C.D. (P=0.05) 0.055 0.062 0.059 0.106 0.096 0.101

Ta ble 2: Ef fect of post har vest treat ments on the pec tin (%) and fruit tex ture in guava cv. Sardar.

Treatments Pectin (%) Texture

2007 2008 Pooled 2007 2008 Pooled

Packing (W)

Unwrapping 1.20 1.22 1.21 7.44 7.46 7.45

Wrapping 1.22 1.23 1.22 7.80 7.94 7.87

C.D. (p=0.05) 0.013 0.012 0.013 0 .107 0.076 0.076

Storage days (D)

0 days 1.31 1.32 1.31 8.41 8.44 8.43

3 days 1.27 1.29 1.28 8.09 8.21 8.15

6 days 1.23 1.24 1.24 7.67 7.65 7.66

9 days 1.15 1.18 1.17 7.14 7.59 7.37

12days 1.09 1.09 1.09 6.76 6.75 6.76

C.D. (P=0.05) 0.020 0.019 0.020 0.170 0.121 0.146

Chemical (T)

Ca(NO3)2 0.5% 1.23 1.24 1.23 7.71 7.58 7.64

Ca(NO3)2 1.0% 1.23 1.25 1.24 7.87 8.18 8.02

CaCl2 1.0% 1.25 1.27 1.26 8.18 8.26 8.22

CaCl2 2.0% 1.21 1.23 1.22 7.80 7.65 7.72

CaSO4 0.5% 1.20 1.23 1.21 7.39 7.62 7.51

CaSO4 1.0% 1.19 1.19 1.19 7.28 7.46 7.37

Control 1.19 1.17 1.18 7.10 7.14 7.12

C.D. (P=0.05) 0.024 0.022 0.023 0.201 0.143 0.172



con tent was sig nif i cantly af fected by dif fer ent
chem i cals dur ing both the years. Max i mum pec tin
con tent was found in cal cium chlo ride 1% and
min i mum pec tin con tent was found with con trol
dur ing both the years. A sig nif i cant de crease in
pec tin con tent was ob served with the ad vance ment
of stor age pe riod dur ing both the years. Max i mum
pec tin per cent age was ob served in cal cium chlo ride 
(1%) fol lowed by cal cium ni trate (1%). Fruit
firm ness is closely re lated with the pec tin con tent
of the fruit. Pec tin con tent of the guava fruit
de creased pro gres sively dur ing stor age. The
re duc tion in pec tin con tent dur ing stor age might be
due to deg ra da tion of in sol u ble protopectin by the
en zymes. These find ing are in line with find ings of
Bhattacharya and Ghosh (1) in ba nana and Seipp
(9) in ap ple fruits. Cal cium chlo ride (1%) main tain
the fruit firm ness by re tard ing break down of pec tin
dur ing stor age, hence the level was higher un der
these treat ments. Higher re ten tion of pec tin
fol low ing cal cium chlo ride (1%) treat ment has
been re ported by Singh (10) in guava fruits. Low est 
pec tin con tent was found in wrapped fruits kept in
pa per boxes dur ing both the years in stor age. It
might be due to the soft ness oc cur ring in fresh fruits 
af ter ma tu rity at the peak of rip en ing which is
gen er ally as so ci ated with fairly nar row ing down of
firm ness. Pec tin methyl esterase (PME) en zyme
ac tiv ity in creased as rip en ing ad vanced in guava.
These find ings are in ac cor dance with the re sults of
Chaitanya (4) in guava. Data pre sented in Ta ble 2
showed that pack ag ing ma te rial, stor age pe riod,
chem i cals and their in ter ac tion had sig nif i cant
ef fect on the tex ture of fruits dur ing both the years.
Min i mum tex ture change was ob tained in wrapped
fruits dur ing both the years. With re spect of stor age
pe ri ods, min i mum tex ture change was ob served at
day of har vest and max i mum tex ture change was
ob tained at 12th day of stor age. Dif fer ent chem i cals
had sig nif i cant ef fect on fruit tex ture. Low est
tex ture change was found in cal cium chlo ride 1%
dur ing both the years. Min i mum tex ture change
dur ing stor age was found with wrapped fruits kept
in pa per box in both the years. The re duc tion in
mois ture in fruits caus ing shrink age, dull ness in
skin and loss of tur gid ity ob served in con trol fruits.
On the other hand wrapped fruits kept in pa per box

main tained tur gid ity, gloss i ness and smooth skin of
fruits. These re sults are in cor rob o ra tion with the
Dhoot et al. (6) in guava.
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 AB STRACT: An ex per i ment was laid out dur ing two con sec u tive years  in Hor ti cul ture gar den of 
C. S. Azad Uni ver sity of Agri. and Tech., Kanpur. There were three ni tro gen sources viz. Urea,
Am mo nium Sul phate, Cal cium Am mo nium Ni trate; four lev els of each of ni tro gen (0, 50,100 and
150kg/ha) and phos pho rus (0,100,200 and 300 kg/ha), with a total of forty treat ments. The
re sults showed that there were no sig nif i cant dif fer ences ob served due to ni tro gen sources in
re spect of sprout ing of bulbs.  In creas ing doses of phos pho rus caused rel a tively early sprout ing
dur ing both the years of study. Phos pho rus ap plied @ 200kg/ha ex pressed tall est plant dur ing
both the years of study. Num ber of leaves per plant im proved un der am mo nium sul phate
fol lowed by cal cium am mo nium ni trate. Phos pho rus @ 200kg/ha pro duced max i mum num ber of
leaves dur ing both years. Ap pli ca tion of 150kg N/ha or 200 kg phos pho rus ex pressed high est

leaf area fol lowed by 100 kg N/ha.

Keywords: Tuberose, ni tro gen, phos pho rus, leaf size, leaf area.

Tuberose (Polianthes tuberosa Linn.), a na tive 
of Maxico, be longs to the fam ily Amaryllidaceae.  
It is cul ti vated on large scale in France, It aly, South
Af rica, and North Carolina, U.S.A. and many
trop i cal and sub-trop i cal ar eas in clud ing In dia. The
chief cen ters of its pro duc tion in In dia are  
Maharashtra, West Ben gal, Tamil Nadu and 
Karnataka. It is, how ever, well  adopted to North
In dian cli ma tic con di tions yet its grow well in Uttar 
Pradesh. The tuberose oc cu pies very se lec tive and
spe cial po si tion among the or na men tal bul bous
plants to flower lov ing peo ple be cause of its
pret ti ness el e gance and pleas antly sweet fra grance.
It has great eco nomic po ten tial for cut flower trade

and es sen tial oil in dus tries.

 MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tions en ti tled “Ef fect of
ni trog e nous and phos pho rus fer til iz ers with
ni tro gen sources on veg e ta tive at trib utes of
tuberose (Polianthes tuberosa Linn.)” were
con ducted un der the eco-edaphic con di tions
pre vail ing at Hor ti cul ture Gar den of Chandra
Shekhar Azad Uni ver sity of Ag ri cul ture and
Tech nol ogy, Kanpur (U.P.), In dia dur ing the two

consicutive years-1998-99 and 1999-2000.
Uni form and healthy bulbs of tuberose cv. Dou ble
hav ing 2.5-3.0 cm di am e ter were pro cured from
N.B.R.I. Lucknow. In or der to as sess to ex act
na ture and com po si tion of soil, sam ples up to 20 cm 
depth were col lected and an a lyzed in the
De part ment of Ag ri cul ture Chem is try and Soil
Sci ence for physio-chem i cal com po nents. The
ex per i men tal field was given a preplanting
ir ri ga tion and at the proper field con di tions, it was
pre pared by giv ing two cross-ploughings. The
clods crushed with the help of disc har row and soil
was fi nally lev elled and brought to a good tilth with 
re mov ing the stubbles, weeds etc. The re quired
dose of Ni tro gen 50,100,150 kg/ha, and phos pho rus 
100,200,300 kg/ha as per treat ments were ap plied.
K2O @ 200 kg/ha and F.Y.M @ 40 tonnes/ha were
ap plied as rec om men da tion. The sources of
ni tro gen were Urea, Am mo nium Sul phate and
Cal cium Am mo nium Ni trate. Phos pho rus and
pot ash were ap plied in form of sin gle
superphosphate and muriate of pot ash, re spec tively. 
Full dose of phos pho rus and pot ash with half dose
of ni tro gen were ap plied as basal dress ing and
re main ing half dose of N was ap plied as split doses
at 60 and 90 days af ter plant ing. All the
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rec om mended cul tural and plant pro tec tion
mea sures were ap plied. The ex per i ments were laid
out by fol low ing Fac to rial Ran dom ized Block
De sign in both con sec u tive years of ex per i men ta -
tion with three rep li ca tions. Thus, 120 plots
(1.0x1.0m size) were used for 40 treat ment
com bi na tions. Ex per i ments were an a lyzed through
com puter as sug gested by Panse and Sukhatme (7).
Days to sprout ing was ob served by keep ing a
con stant watch in dif fer ent treat ments dur ing both
the years of ex per i men ta tion and in dicted in the
num ber of days. Plant height was mea sured with
help of me ter scale and num ber of leaves was
counted in sam pled plants. Leaf area (cm2) was
mea sured by tak ing length and width of lon gest leaf 
from the base and mul ti ply ing by ad just ment fac tor
0.62 as sug gested by Barbieri et al. (1).                   

RE SULTS AND DIS CUS SION

Ef fect on days to sprout ing of tuberose bulbs

Sprout ing of tuberose bulbs as in flu enced by

dif fer ent fac tors viz. N sources, and level of N and

P was ob served af ter plant ing of bulbs dur ing both

the years of study. The mean val ues pre sented in

Ta ble 1 clearly re vealed that sources of N

fer til iza tion failed to ex ert sig nif i cant vari a tion on

the days re quired for sprout ing of tuberose bulbs

un der both years tri als. Ap pli ca tion of 150kg N/ha

has tened the sprout ing of bulbs sig nif i cantly dur ing 

first year but in the sec ond year it was

non-sig nif i cant re quir ing 9.16 and 9.50 days

re spec tively against 9.95 and 9.88 days un der

con trol. Among the three doses of N, 50kg

treat ment de layed the sprout ing (10.47 and 9.77

days) mark edly dur ing both years.

In creas ing dose of P en hanced in ear lier
sprout ing of bulbs dur ing both the years.
Phos pho rus ap pli ca tion @ 300kg/ha took min i mum 
pe riod i.e. 9.66 and 9.37 days against max i mum
noted un der its con trol (10.67 and 10.14 days). All
P lev els caused sig nif i cantly ear lier sprout ing when 
com pared with con trol bar ring 100kg dose dur ing
the sec ond year of in ves ti ga tion.

In ter ac tion be tween phos pho rous and source
of ni tro gen was found non sig nif i cant, only
nu mer i cal vari a tions on the sprout ing of tuberose
bulbs were seen. Ap pli ca tion of 300 kg/ha
in ter act ing with CAN caused con sid er ably ear li est
(9.63 and 9.30 days) sprout ing when com pared
with P0S1 (urea with out P) which took max i mum
du ra tion (11.0 and 10.37 days) in this re gard dur ing
both the years of study. The min i mum 9.50 and 9.34 
days re quired for sprout ing for P3N3 against
max i mum pe riod re quired by P0N1 (11.20 and
10.42 days).The in ter ac tion of S × N did not af fect
this pa ram e ter sig nif i cantly. How ever, sprout ing
was has tened by S3N3 (9.30 and 9.41 days)
nu mer i cally dur ing both the years of study
con firm ing to the re ports of Mukhopadhyay et al.
(5). Other in ter ac tion ef fect i.e. P×S and P× N were
also found non-sig nif i cant dur ing both years of
in ves ti ga tion. The in ter ac tion among P×S×N did
not bring sig nif i cant dif fer ence in this re gard.
Treated plants showed early sprout ing when
com pared with con trol in the first year but the trend
was con tra dic tory dur ing sec ond year of study.

Ef fect on height of tuberose plant

It is ev i dent from mean val ues (Ta ble 2) that
ap pli ca tion of am mo nium sul phate, re main ing at
par with cal cium am mo nium ni trate, proved more
ef fec tive in in creas ing the plant height than urea
dur ing both years. In this way urea proved
rel a tively less ef fec tive for in creas ing height of
plant. Ammonoum sul phate pro duced 46.39 and
48.25 cm tall plants fol lowed by CAN (45.92 and
47.79 cm) and urea (45.1 and 45.79 cm).

Among the dose of ni tro gen nu tri tion, the
high est one i.e. 150 kg ex celled the rest of dose
caus ing 47.14 and 48.82 cm height fol lowed by 100 
kg (45.96 and 47.19 cm) and 50 kg (44.31 and
45.81) dur ing cor re spond ing years of study.
Ap pli ca tion of phos pho rus also caused sig nif i cant
al ter ations and P2 (200kg/ha) proved sig nif i cantly
more su pe rior than rest of dose bar ring 100 kg and
300 kg/ha (P1 and P3) dur ing sec ond year of study.
The plants un der P con trols re mained dwarf un der
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Table 1: Effect of nitrogenous and phosphorus fertilizers on the days to sprouting of bulb in tuberose cv. ‘Double’.
1998-1999

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 11.00 10.49 10.52 11.20 10.86 9.96 10.67 10.66 10.67
P1 10.18 9.96 10.19 10.43 10.31 9.60 10.11 10.10 10.11
P2 9.93 9.84 9.85 10.18 10.06 9.38 9.87 9.80 9.87
P3 9.77 9.78 9.63 10.06 9.54 9.50 9.70 9.24 9.66

Mean 10.20 10.02 10.05 10.47 10.19 9.16 10.09 9.95
N1 10.22 10.25 10.71
N2 10.29 10.14 10.14
N3 10.10 9.44 9.30                      S          N            P          P ´ S        P ´ N      S ´ N       T vs Cont.

S ´ N C.D. (P=0.05)    NS     0.46     0.53          NS             NS            NS                   NS

1999-2000

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 10.37 10.20 9.81 10.42 10.26 9.69 10.13 10.32 10.14
P1 9.36 9.70 9.90 9.77 9.67 9.52 9.65 10.30 9.72
P2 9.30 9.56 9.60 9.53 9.50 9.43 9.49 9.60 9.50
P3 9.34 9.50 9.30 9.36 9.44 9.34 9.38 9.32 9.37

Mean 9.59 9.74 9.65 9.77 9.22 9.50 9.66 9.88
N1 9.59 10.98 9.65
N2 9.58 9.67 9.91
N3 9.61 9.48 9.41                 S           N              P           P ´ S      P ´ N    S ´ N    T vs Cont.

S ´ N C.D. (P=0.05)         NS        NS        0.43           NS            NS         NS              NS

Table 2: Effect of nitrogenous and phosphorus fertilizers on the plant height (cm) in tuberose cv. ‘Double’.
1998-1999

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 43.23 45.06 44.48 42.59 44.46 45.71 44.25 37.83 43.6
P1 45.08 46.70 45.90 44.40 46.17 47.12 45.90 42.26 45.5
P2 46.91 48.35 47.48 46.16 47.76 48.83 47.58 43.71 47.1
P3 45.17 45.33 45.84 44.09 45.46 46.90 45.48 43.28 45.2

Mean 45.10 46.39 45.92 44.31 45.96 47.14 45.00 41.77
N1 43.29 44.97 44.66
N2 45.24 46.45 46.19
N3 46.76 47.74 46.92                         S        N             P        P ´ S        P ´ N        S ´ N        T vs Cont.

S ´ N C.D.  (P=0.05)    0.97     0.97     1.12        NS             NS              NS                1.26

1999-2000

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 44.99 47.05 46.21 44.43 46.43 47.39 46.08 39.21 45.4
P1 45.78 48.59 47.85 46.12 47.29 48.80 47.40 43.70 47.0
P2 46.42 49.57 49.50 46.80 48.21 50.47 48.49 44.19 48.0
P3 45.98 47.79 47.59 45.90 46.84 48.63 47.12 46.80 47.0

Mean 45.79 48.25 47.79 45.81 47.19 48.82 47.28 43.48
N1 44.42 46.71 46.32
N2 45.42 48.17 47.96
N3 47.51 49.87 49.09                       S           N            P          P ´ S        P ´ N      S ´ N     T vs Cont.

S ´ N C.D. (P=0.05)   1.40     1.40     1.62           NS             NS           NS                 1.81
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Table 3: Effect of nitrogenous and phosphorus fertilizers on the number of leaves per plant in tuberose cv. ‘Double’.
1998-1999

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 36.96 39.58 38.08 35.71 38.50 40.42 38.21 27.68 37.19
P1 38.66 41.36 40.73 38.48 40.51 41.76 40.25 35.24 39.71
P2 39.94 41.79 41.07 39.74 40.89 42.18 40.94 37.50 40.50
P3 39.44 41.29 40.67 39.33 40.69 41.18 40.46 36.33 40.0

Mean 38.75 41.00 40.14 38.36 40.15 41.39 39.96 34.18
N1 37.39 39.36 38.33
N2 38.74 41.15 40.56
N3 40.13 42.50 41.53               S              N               P        P ´ S       P ´ N     S ´ N      T vs Cont.

S ´ N C.D. (P=0.05)    1.23       1.23         1.42        NS             NS          NS               1.59

1999-2000

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 38.45 39.46 39.01 36.02 38.94 41.97 38.98 39.33 38.0
P1 40.17 42.44 41.22 38.68 41.28 43.87 41.28 36.66 40.8
P2 41.29 42.60 42.10 40.63 41.96 43.40 42.00 38.93 41.69
P3 40.60 41.80 40.66 39.94 40.84 42.27 41.03 38.13 40.73

Mean 40.13 41.58 40.75 38.82 40.76 42.88 40.82 35.76
N1 38.05 39.55 38.91
N2 40.44 41.39 40.44
N3 41.94 43.79 42.90                      S           N             P        P ´ S        P ´ N      S ´ N      T vs Cont.

S ´ N C.D. (P=0.05)     0.97      0.97      1.13        NS               NS           NS               1.26

Table 4: Effect of nitrogenous and phosphorus fertilizers on the leaf area (cm2) in tuberose cv. ‘Double’. 
1998-1999

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 46.24 48.00 48.81 44.50 47.83 51.63 47.98 36.12 46.80
P1 48.44 50.72 50.85 47.20 49.67 53.14 50.00 42.53 49.26
P2 50.28 52.88 52.60 49.34 51.90 54.51 51.92 46.42 51.37
P3 50.90 52.44 52.11 48.92 52.14 54.38 51.81 45.32 51.16

Mean 48.96 51.23 51.09 47.49 50.38 53.42 50.43 42.59
N1 46.32 47.78 48.37
N2 49.01 51.06 51.08
N3 51.56 54.86 53.83                         S            N            P         P ´ S        P ´ N       S ´ N     T vs Cont.

S ´ N C.D. (P=0.05)     0.96      0.96      1.10         NS             NS              NS             1.24

1999-2000

P P  S´ P  N´ Treated vs. control Mean
S 1 S 2 S 3 N1 N2 N3 Treated Control (N0)

P0 47.02 50.04 49.30 45.66 49.11 51.60 48.79 38.24 47.73
P1 49.36 52.42 52.54 48.15 51.75 54.41 51.44 42.24 50.62
P2 51.67 54.65 53.71 50.67 53.71 55.64 53.34 47.11 52.72
P3 51.98 53.61 52.76 50.24 52.84 55.26 52.78 44.27 51/93

Mean 50.01 52.68 52.08 48.68 51.85 54.23 51.59 43.21
N1 47.32 40.77 48.95
N2 50.39 52.61 52.55
N3 52.31 55.65 54.73                   S               N                P         P ´ S      P ´ N    S ´ N    T vs Cont.

S ´ N C.D. (P=0.05)     0.99         0.99         1.14          NS            NS          NS           1.28
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both years con di tions. The re sults are in con for mity 
with El-Khateep et al. (2) and Nair et al. (6).

The first or der in ter ac tion i.e. P × S, P × N and
S × N re main ing non sig nif i cant dur ing both years
of study in creased the height of tuberose plants
nu mer i cally un der P2S2 (48.35, 49.57 cm), P2 N3

(48.83, 50.47 cm) and S2 N3 (47.74, 49.87 cm),
re spec tively. Among the sec ond or der in ter ac tions
P2S2N3 max i mized the height of tuberose plants but
the dif fer ences re mained non sig nif i cant dur ing
both the years of study. Treated vs. con trol plants
showed sig nif i cant vari a tions on the height of
tuberose plants dur ing both the years of study and
treated ones at tained the height of 45.00 and 47.28
cm, whereas, the con trol plants ex pressed 41.77
and 43.48 cm height.

Ef fect on num ber of leaves per plant

Am mo nium sul phate proved sig nif i cantly
su pe rior (Ta ble 3) than other ni tro gen sources i.e.
urea and CAN dur ing both the years of
in ves ti ga tion (41.0 and 41.58 leaves dur ing first
and sec ond year, re spec tively) bar ring CAN dur ing
sec ond year of in ves ti ga tion where it was ob served
to be sta tis ti cally at par with am mo nium sul phate.
How ever, urea ob served to be less ef fec tive
re gard ing 38.75 and 40.13 leaves per plant. 
Ap pli ca tion of 150 kg/ha proved more ef fec tive
(41.39 and 42.88 leaves) and pro duced
sig nif i cantly greater num ber of leaves fol lowed by
100 kg and 50 kg/ha (40.15, 38.36 and 40.76, 38.82 
leaves, re spec tively).

In ter ac tions be tween P×S, P×N and S×N
im proved the num ber of leaves per plant
nu mer i cally dur ing both the years of trial re cord ing
41.79, 42.60, 42.18, 43.40 and 42.50, 43.79 leaves
per plant un der P2 S2 , P2N3 and S2 N3 treat ments
dur ing first and sec ond year of in ves ti ga tion,
re spec tively. The sec ond or der in ter ac tion failed to
ex ert sig nif i cant in flu ence on the leaf count dur ing
both years. The com par i son of treated plants with
con trol re vealed sig nif i cant vari a tion in in creas ing
the num ber of leaves per plant in the for mer (39.96
and 40.82) dur ing both the years.

Ef fect on the leaf area

In creas ing dose of ni tro gen in duced
sig nif i cantly greater leaf area (Ta ble 4).
Ap pli ca tion of 150 kg N/ha ex pressed 53.42 and
54.23 cm2 leaf area fol lowed by 100 kg N/ha
re veal ing 50.38 and 51.85 cm2 area un der both the
year of study, re spec tively. Ap pli ca tion of
phos pho rus through super phos phate @200 kg/ha
in duced sig nif i cantly high est leaf area com pared
with its con trol as well as 100 kg dose dur ing both
the years. Ap pli ca tion of 200 kg/ha when com pared 
with 300 kg/ha level showed sta tis ti cally sim i lar
leaf area un der both the year’s tri als. The high est
val ues were how ever, re corded to be 51.37 and
52.72 cm2 un der 200 kg/ha dose against the low est
46.80 cm2 and 47.73 cm2 noted un der con trol.

The in ter ac tive ef fect of P ×S, P×N and S×N
re main ing non sig nif i cant im proved the leaf area
fur ther ex press ing max i mum val ues un der P2 S2

(52.88, 54.65 cm2), P2 N3 (54.51, 55.64 cm2) and S2

N3 (54.86, 55.65 cm2) dur ing the cor re spond ing
years of study. The sec ond or der in ter ac tions did
not bring sig nif i cant vari a tions in this re gard dur ing 
both the years of ex per i men ta tion. Treated plants
when com pared with con trol re vealed sig nif i cant
in crease in leaf area in tuberose ex press ing 50.43,
51.59 and 42.59,43.21 cm2 val ues dur ing first and
sec ond year of in ves ti ga tion, re spec tively. The
pres ent find ings are in agree ment with the re ports
of Fernadez et al. (3) and EI-Khateep et al. (2) in
glad i o lus Mukhopadhyay et al. (5) and Nair et al.
(6) in tuberose and Sang (9) in dahlia who noted
sig nif i cant im prove ment in the growth pa ram e ters
of bul bous ornamentals. But Hober (4) and Preeti-
Hatibarua et al. (8) found cal cium am mo nium
ni trate to be more ef fec tive in chry san the mum and
glad i o lus, re spec tively.
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ABSTARCT: In an ex per i ment con ducted on ashwagandha (Withania somnifera Dunal), to
study the re sponse of dif fer ent or ganic amend ments with or ganic ma nure (FYM) and
bio-fer til iz ers in re la tion to plant growth, root yield and qual ity pa ram e ters. It was found that the
seed lings (5-7 leaf stage) in oc u lated with Azospirillum @ 105 or 106 CFU re sulted a sig nif i cant
in crease in plant growth and bio mass yield which ex hib ited a pos i tive as so ci a tion among them in
con trib ut ing the root yield and qual ity traits. The max i mum and pos i tive cor re la tion (0.884) was
ob served be tween the to tal al ka loid and withanaloid con tent fol lowed by fresh root weight per
plant (g) and fresh root yield per ha (0.831) and be tween plant height and num ber of leaves per
plant (0.777). The as so ci a tion of the plant height also ex hib ited a highly sig nif i cant cor re la tion
with stem di am e ter (0.659), al ka loid (0.777) and withanaloid (0.668) con tent in the roots. The
num ber of leaves per plant had highly sig nif i cant and pos i tive cor re la tion (1.99) with plant can opy 
fol lowed by al ka loid (0.755) and withanaloid (0.774) con tents. The fresh root weight per plant
ex erted the pos i tive and sig nif i cant ef fect of high mag ni tude (0.831) and fresh root yield (kg) per
plot. Dry root weight per plant could es tab lished a sig nif i cant and pos i tive as so ci a tion (0.514)
with dry root yield (kg) per ha. The to tal al ka loid con tent in the roots wit nessed a highly sig nif i cant  
and pos i tive cor re la tion with plant height (0.777), num ber of leaves per plant (0.755)  fol lowed by  
pos i tive and sig nif i cant as so ci a tion with stem di am e ter (0.573), num ber of ber ries per plant
(0.554) and fresh root yield (kg) per plot (0.485). Withanaloid con tent (%) wit nessed a highly
sig nif i cant and pos i tive cor re la tion with plant height (0.668), num ber of leaves per plant (0.754)
and al ka loid con tent (0.884). Whereas a sig nif i cant and pos i tive cor re la tion ex hib ited with stem
di am e ter (0.581).

Keywords: Withania, cor re la tion, root yield, al ka loid and withanaloid. 

Ashwagandha is a pe ren nial shrub and grows
nat u rally un der sub trop i cal dry cli mate in well
drained, sandy loam or light red soils hav ing ph of
7.5 to 8.0 with an av er age rain fall of 600-750 mm.
It is been grown on large scale in dry part of the
coun try as a me dic i nal plant, es pe cially on mar ginal 
lands in sev eral dis tricts of Madhya Pradesh,
cov er ing an area of more than 4000 hect ares
(Nigam, 4) and its cul ti va tion has ex tended in
re cent years, to Kota in Rajasthan, foot-hills of
Punjab and Himachal Pradesh and Tarai re gions of
Uttarakhand and Uttar Pradesh. Com mer cial
cul ti va tion, be ing on pri or ity for high re turns needs
a sus tained and ag ro nomic pack age for pro duc tion
of eco nom i cally safe raw ma te rial for
phar ma ceu ti cal in dus try on large scale. Ow ing to
the in creased de mand for or ganic and safe prod ucts

of ashwagandha roots, leaves and seeds used in
for mu la tion of var i ous Ayurvedic and Unani
med i cines, there is pru dent need to cul ti vate this
crop by safe ap pli ca tion of bio-or ganic  nu tri tion
from vermi-com post and FYM  along with a
ben e fi cial free-liv ing soil bac te ria usu ally ap plied
as plant growth pro mot ing Rhizobacteria or PGPR
in the for mu la tion as strains of Azospirillum, which  
lives in close as so ci a tion of plant roots and en hance 
plant growth by its abil ity to fix at mo spheric
ni tro gen, pro duc tion of indole ace tic acid,
siderophore, ni trate and sin gle mol e cules  re sult ing
in an in creased min eral up take  in the plant roots  as

sug gested by Bashan and Holguin (1). 

There fore, the de vel op ment of a re li able tool
to es tab lish an as so ci a tion re sult ing through a
sym bi otic as so ci a tion  as ben e fi cial bi o log i cal
model be tween them and de pend ent plant growth
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char ac ters on root and root qual ity traits in fu ture
ag ri cul tural pro duc tion as stud ied by Misra et al.
(3). There fore, the pres ent ex per i ment was
con ducted to see and eval u ate a re sponse of
bio-or ganic nu tri tion through a ap pli ca tion of
FYM, Vermi-com post and Azospirillum in
Ashwagandha (Withania somnifera Dunal.) and an
as so ci a tion of plant growth, seed, root yield and
qual ity pa ram e ters was worked out to es tab lish a
re la tion ship as a re sponse and fea si bil ity of safe and 
bio-or ganic ap pli ca tion in cul ti va tion of this

me dic i nal plant for com merce. 

MA TE RI ALS AND METH ODS 

The present experiment was carried out at the
experimental fields of Ch. Shivnath Singh
Shandilya P.G. College, Machhra, Meerut (U.P)
during the two consecutive years viz. 2005-06 and
2006-07 on perennial crop of Ashwagandha
(Withania somnifera) cv. Jawahar-20 under the
field conditions using of FYM (Farm Yard
Manure), Vermi-compost and Azospirillum. The
experiment was laid out in the factorial RBD
replicated thrice. Bio-organic nutrition was applied
to beds in experimental field in combinations,
comprising of FYM, viz. 0 kg/plot (F0), 2 kg/plot
(F1) or 3 kg/plot (F3) and Vermi-compost 0 kg/plot
(V0), 2 kg/plot (V1) or 3 kg/plot (V2) and
Azospirillum 0 CFU/plot (AZ0). The chemical
analysis was done in the laboratory of Medicinal
and Plants under Council of Scientific and
Industrial Research (CSIR), New Delhi. The
average data for I year, II year were pooled and
analyzed for ANOVA and interactions among the
treatments as per the methods suggested by Panse
and Sukhatme (5). Further, genotypic association of 
all the yield contributing characters with root yield
and quality was worked out as path coefficient

analysis suggested by Dewey and Lu (2). 

RE SULTS AND DIS CUS SION 

The cor re la tions ex isted be tween the plant
growth, root yield and qual ity com po nents (Ta ble
1) were ana lysed to study the as so ci a tion among
them re vealed that a strong as so ci a tion was

ex hib ited. The max i mum and pos i tive cor re la tion
(0.884) was ob served be tween the to tal al ka loid
and withanaloid con tent fol lowed by fresh root
weight per plant (g) and fresh root yield per ha
(0.831) and be tween plant height and num ber of
leaves per plant (0.777). The as so ci a tion of the
plant height also ex hib ited a highly sig nif i cant
cor re la tion with stem di am e ter (0.659), al ka loid
(0.777) and withanaloid (0.668) con tent in the
roots. How ever, a sig nif i cant value of co ef fi cients
was also re corded with num ber of ber ries per plant
(0.500) and fresh root yield (kg) per plot. The stem
di am e ter had sig nif i cant and pos i tive cor re la tion
with plant can opy (0.507), fresh root weight per
plant (0.525), al ka loid (0.573) and withanaloid
(0.581) con tent. The num ber of leaves per plant had 
highly sig nif i cant and pos i tive cor re la tion (1.99)
with plant can opy fol lowed by al ka loid (0.755) and
withanaloid (0.774) con tents and sig nif i cant
cor re la tion with num ber of ber ries per plant (0.549) 
and fresh root yield (0.593) per plot. The num ber of 
branches per plant wit nessed pos i tive and
sig nif i cant cor re la tion with leaf area (0.511), dry
root per plant (0.486), dry weight per plant (0.479)
and fresh (0.481) and dry root yield per kg/ha
(0.513). Plant can opy ex hib ited pos i tive and
sig nif i cant cor re la tion (0.542) with a sin gle
char ac ter, namely fresh root weight per plant where
as the other co ef fi cients among them were
mod er ate and of low mag ni tude. The in di vid ual leaf 
area ex hib ited a sig nif i cant and pos i tive cor re la tion
with fresh (0.530) and dry (0.492) weight of roots
per plant. Num ber of ber ries per plant wit nessed
pos i tive and highly sig nif i cant (0.705) cor re la tion
with fresh root yield per kg per plot fol lowed by a
sig nif i cant and pos i tive as so ci a tion with al ka loid

con tent (0.554) in the roots. 

The num ber of pri mary roots per plant
ex hib ited a sig nif i cant and pos i tive as so ci a tion
(0.580) with sec ond ary root length per plant. The
fresh root weight per plant ex erted the pos i tive and
sig nif i cant ef fect of high mag ni tude (0.831) and
fresh root yield (kg) per plot. Dry root weight per
plant could es tab lished a sig nif i cant and pos i tive
as so ci a tion (0.514) with dry root yield (kg) per ha.
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The max i mum and pos i tive cor re la tion (0.884) was
ob served be tween the to tal al ka loid and
withanaloid con tent fol lowed by fresh root weight
per plant (g) and fresh root yield per ha (0.831) and
be tween plant height and num ber of leaves per
plant (0.777). The as so ci a tion of the plant height
also ex hib ited a highly sig nif i cant cor re la tion with
stem di am e ter (0.659), al ka loid (0.777) and
withanaloid (0.668) con tent in the roots. The
num ber of leaves per plant had highly sig nif i cant
and pos i tive cor re la tion (1.99) with plant can opy
fol lowed by al ka loid (0.755) and withanaloid
(0.774) con tents. The fresh root weight per plant
ex erted the pos i tive and sig nif i cant ef fect of high
mag ni tude (0.831) and fresh root yield (kg) per
plot. Dry root weight per plant could es tab lished a
sig nif i cant and pos i tive as so ci a tion (0.514) with
dry root yield (kg) per ha. The to tal al ka loid con tent 
in the roots wit nessed a highly sig nif i cant and
pos i tive cor re la tion with plant height (0.777),
num ber of leaves per plant (0.755)  fol lowed by 
pos i tive and sig nif i cant as so ci a tion with stem
di am e ter (0.573), num ber of ber ries per plant
(0.554) and fresh root yield (kg) per plot (0.485).
Withanaloid con tent (%) wit nessed a highly
sig nif i cant and pos i tive cor re la tion with plant
height (0.668), num ber of leaves per plant (0.754)
and al ka loid con tent (0.884). Whereas a sig nif i cant
and pos i tive cor re la tion ex hib ited with stem
di am e ter (0.581).These find ings are in close

con for mity with by Singh et al. (6).

The as so ci a tion be tween in de pend ent
char ac ters in re spect to the fresh root yield, al ka loid 
and withanolid con tent co-ex isted in a sig nif i cant
and pos i tive as so ci a tion ex cept with a few of them
but ex hib it ing a re la tion ship of a very low
mag ni tude. Num ber of seeds/berry, num ber of
pri mary roots and dry root yield per plot had
neg a tive cor re la tion (-0.025, -0.266 and -0.073
re spec tively) with a very low mag ni tude among
them. How ever the other neg a tive and pos i tive
cor re la tions ob served and re corded be tween
var i ous char ac ters were of very low mag ni tude

in di cated that an ap pli ca tion of bio-fer til iz ers vis a
vis  an in creased dose  has im proved the fresh root
yield and qual ity pa ram e ter in ashwagandha var.
Jawhar-20 em ployed in the pres ent in ves ti ga tion.
The dry root yield and chem i cals es ti mated
wit nessed strong and pos i tive re la tion ship among
them but a neg a tive with bio mass in fresh weight of 
plant and spread of the plant can opy with a lower
mag ni tude. How ever, a pos i tive as so ci a tion with
strong and sig nif i cant mag ni tude was es tab lished
for plant growth com po nents namely; stem
di am e ter (cm), leaf area (cm2) and main root length
per plant. These find ings were in pace with those

re ported by Misra et al. (3).
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IN TE GRATED RE SPONSE OF IN OR GANIC AND BIO-FER TIL IZ ERS ON

YIELD AND YIELD AT TRIB UTES OF TUR MERIC

Arun Pratap Singh, R.P. Singh, Jagdish Singh and  S.K. Shahi

De part ment of Ag ri cul tural Chem is try and Soil Sci ence, Udai Pratap Au ton o mous Col lege,
Varanasi, U.P.

E-mail: arunkuwarsingh76@gmail.com

ABSTRACT: A field ex per i ment was con ducted to study the ef fect of in te gra tion of bio- and
in or ganic fer til izers on yield and yield at trib utes of tur meric dur ing 2007-08  and 2008-09 at Udai
Pratap Au ton o mous Col lege, Varanasi, U.P. The ex per i ment was laid out with thir teen
treat ments con sisted of com bi na tion of two va ri ety of tur meric (V1 – Padrauna lo cal and V2 –
NDH-18) rep li cated three times in a ran dom ized block de sign. The re sults in di cated that
ap pli ca tion of T6 (NPK 180:90:90 kg per ha + Azotobactor chrococcum @ 2.5 kg per ha +
Pseu do mo nas floriscence @ 2.5 kg per ha) sig nif i cantly in creased yield and all yield at trib utes
over all treat ments, whereas treat ment T9 (50% R.D. of in or ganic ni tro gen + 50% R.D. of
in or ganic phos pho rus + 100% R.D. of pot ash + Azotobactor chrococcum @ 2.5 kg per ha +
Pseu do mo nas floriscence @ 2.5 kg per ha + 50% ni tro gen through car pet waste) was closely
fol lowed by treat ment T6. In re spect of tur meric va ri ety , NDH-18 was found su pe rior over va ri ety
Padrauna lo cal in all above con di tions. On the ba sis of per for mance treat ment T6 and T9 may be
adopted for higher yield and sustainability.

Keywords : Tur meric, bio-fer til izer, in or ganic fer til izer, yield.

Tur meric (Curcuma longa L. Syn Curcuma
domestica Val.) is a her ba ceous pe ren nial plant
be long ing to the fam ily Zingiberaceae. It is an
an cient, most valu able, sa cred spice of In dia and
con tains ap pre cia ble quan ti ties of pro teins (6.3%),
lipids (5.1%), car bo hy drates (69.4%) and fi bre
(2.6%). Tur meric is rich in min er als like
phos pho rus, cal cium, iron and vi ta min A. Tur meric
is a hor ti cul tural root-crop that is im por tant not
only as a spice and cos metic, but also as a me dic i nal 
plant world wide (Hermann and Mar tin, 2; Osawa et 
al. 9; Nakamura et al. 8; Ishimine et al. 4; Hossain
et al. 3). It is cul ti vated for its un der ground
rhi zomes which is used as spice and con di ment, dye 
stuff and in drug and cos metic in dus try. It forms an
im por tant adjuvant in In dian cu li nary as it tends
col our and ar o matic fla vour to var i ous dishes. It is
mainly used as con di ment, in the prep a ra tion of
pick les and cur ries and as a colour ing agent in
tex tile, food and con fec tion ary in dus tries. Tur meric 
has lot of me dic i nal prop er ties, it has long been
used in In dia for the treat ment of sprains and
in flam ma tory con di tions. The tur meric rhi zome
con tains a va ri ety of pig ments among which

‘curcumin’ is the ma jor pig ment re spon si ble for
col our and it var ies from 3.5 to 9.0 per cent in
dif fer ent va ri et ies. In dia is the larg est pro ducer,
con sumer and ex porter of tumeric in the world. It is
grown in an area of 163 thou sand ha with an
av er age pro duc tion of 552.3 thou sand tonnes
(Kandiannan et al., 5). Con sid er ing the eco nomic
im por tance of tur meric and en vi ron men tal
prob lems caused by chem i cals ap pli ca tion, it is
im por tant to cul ti vate tur meric us ing or ganic and
bio-fer til izers. Dif fer ent or ganic ma nures in flu ence
dif fer ently in terms of yield and qual ity of tur meric. 
Hence, it is nec es sary to know the best source of
or ganic ma nure which could help in in creas ing the
yield and qual ity. In view of this back ground, this
study was aimed to eval u ate the ef fect of dif fer ent
bio-or ganic ma nures on tur meric yield.
Biofertilizers like Azotobactor chrococcum and
Pseu do mo nas floriscence (PSB) ranks in up per
cat e gory. Azobobactor, a non sym bi otic N2 fix ing
bac te ria, is ca pa ble to fix at mo spheric ni tro gen non
sym bi ot i cally, by which it can re place chem i cal
fer til izer at too much ex tent. While Pseu do mo nas is 
phos pho rus solublizing bac te ria, which solublizes
ex cess/un used  phos pho rus in soil and pro vide the
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plant in sol u ble/avail able form. We know that our
plants use only 16-18%  of ap plied phosphatic
fer til iz ers, rest phosphetic fer til iz ers lost by var i ous 
ways. So by us ing the PSB we can use max i mum
phosphatic fer til iz ers ap plied. Re sult ing this the
yield and com po si tion will also be in creased.
Car pet waste is also a very good source of ma jor
and mi nor nu tri ents, so this is also a very good

sub sti tute of chem i cal fer til iz ers.

MA TE RI ALS AND METH ODS

The study was un der taken at the experimental
field of  Deptt. of Ag ri cul tural Chem is try and Soil
Sci ence, Udai Pratap Au ton o mous Col lege,
Varanasi, U.P. dur ing the year 2007-08 and 2008-09 
on two va ri ety of tur meric (V1 – Padrauna lo cal and
V2 – NDH-18) at spac ing of 30x 22.5 cm. The
in ves ti ga tion was car ried out in thir teen treat ments
which con sisted of  T1=Con trol (No ap pli ca tion),
T2=100% in or ganic Ni tro gen, T3=100% in or ganic
Ni tro gen + 100%P, T4=100% in or ganic Ni tro gen  +
100%P+ Azotobacter, T5=100% in or ganic Ni tro gen 
+ 100% P+PSB, T6=100% in or ganic Ni tro gen +
100%P + Azotobacter + PSB, T7=50% in or ganic
Ni tro gen + 50%P + Azotobacter + 50% N through
car pet waste, T8=50% in or ganic Ni tro gen + 50%P
+ PSB +50% N through car pet waste, T9=50%
in or ganic Ni tro gen + 50%P + Azotobacter + PSB +
50% N through car pet waste,  T10=25%  in or ganic
N + 25%P + Azotobacter + PSB + 75% N through
car pet waste, T11=Azotobacter, T12=PSB and
T13=Azotobacter + PSB. All the treat ments were
rep li cated thrice in ran dom ized block de sign with
both the va ri ety. The yield and yield pa ram e ters like 
yield of rhizome per plant ( g), fresh rhizome yield
(q per ha), length of rhizome (cm) and width of
rhizomes (cm) were re corded by stan dard meth ods.
The fresh yield was re corded by weigh ing the
rhizome at the time of har vest ing in one square
me ter area. The weigh ing was done af ter clean ing
the soil at tur meric rhizome. The yield per ha was
re corded by the mul ti pli ca tion the value with ten
thou sand. For yield of rhizome per plant (g), ten
ran dom plants with same treat ment com bi na tions
were taken and ob tained the av er age re sults. The

pres ent data was an gu larly trans formed be fore

sta tis ti cal anal y sis.

RE SULTS AND DIS CUS SION 

The integration of bio- and inorganic
fertilizers on yield and yield attributes of turmeric
(Table 1) revealed that, the different treatments
applied in both varieties of turmeric have well
marked effect on rhizome yield. Application of T6

(100% inorganic nitrogen + 100% inorganic
phosphorus + Azatobacter + Phosphorus
solublizing bacteria) recorded significantly higher
fresh rhizome yield in both the varieties—Padrauna 
Local and NDH-18 (259.32 q per ha and 388.99 q
per ha, respectively) which was closely followed by 
T9 (50% inorganic nitrogen + 50% inorganic
phosphorus + Azotobacter + Phosphorus solubliz-
ing bacteria + 50% Nitrogen through carpet waste)
in both the varieties—Padrauna Local and NDH-18 
(252.56 q per ha and 378.84 q per ha). In treatment
T7 (50% inorganic nitrogen + 50% inorganic
phosphorus + Azotobacter + 50% Nitrogen through 
carpet waste)  and treatment T10 (25% inorganic
nitrogen + 25% inorganic phosphorus +
Azatobacter +  Phosphorus solublizing bacteria +
75% Nitrogen through carpet waste) showed
similar result in both the turmeric varieties—
Padrauna Local (V1) and NDH-18 (V2) (223.24 q
per ha and 334.87 q per ha, respectively).  In respect 
of fresh rhizome yield, turmeric variety NDH-18
was found superior over  variety Padrauna Local.
The economic yield is a function of yield
attributing characters like dry matter production
and its accumulation in different plant parts. In the
present study, the increase in rhizome yield with the 
application of T6 (100% inorganic nitrogen + 100% 
inorganic phosphorus + Azotobacter + Phosphorus
solublizing bacteria) can be traced back to the
significant increase in the yield attributing
characters over other treatments. Application of  T6

(100% inorganic nitrogen + 100% inorganic
phosphorus + Azotobacter + Phosphorus
solublizing bacteria) significantly increased the
number and size of primary, secondary and tertiary
rhizomes over all the other manures and RDF.
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These findings are in conformity with the findings
of Vadiraj et al. (11) and Krishnamurthy et al. (7) in 
turmeric and Patil (10) and Khalil et al. (6) in
onion.

The in crease in yield pa ram e ters and fi nal
yield with the ap pli ca tion of T6 (100% in or ganic
ni tro gen + 100% in or ganic phos pho rus +
Azotobacter + Phos pho rus solublizing bac te ria) and 
T9 (50% in or ganic ni tro gen + 50% in or ganic
phos pho rus + Azotobacter + Phos pho rus
solublizing bac te ria + 50% Ni tro gen through car pet 
waste) is at trib uted to in creased dry mat ter
pro duc tion and its ac cu mu la tion in dif fer ent plant
parts which in turn re flects the translocation of
photosynthates from source to sink. Thus, due to
higher photosynthates the rhi zome char ac ters might 
have de vel oped to the max i mum ex tent and
re sulted in higher rhi zome yields. Sim i lar re sults
were ob tained Blay et al. (1) in on ion and Khalil et

al. (6) in tur meric. The ben e fi cial ef fects of these
treat ments on yield and yield at trib utes of  both
va ri et ies of tur meric could be at trib uted to the fact
that af ter de com po si tion and min er al iza tion, the
or ganic ma nures sup ply avail able nu tri ents di rectly
to the plants and also had sta bi liz ing ef fect on fixed
form of nu tri ents in soil, be sides, the nu tri ents
sup ply ing ca pac ity. These or ganic ma nures build
the soil or ganic mat ter res er voir, which in creases
the wa ter hold ing ca pac ity, po ros ity, struc tural
sta bil ity in the soil. Thus, im prove ment in soil
phys i cal and chem i cal en vi ron ment must have
helped in pro lif er a tion of ben e fi cial soil mi cro bial
pop u la tion, im proved en zy matic ac tiv ity,
en cour aged pro lif er a tion of roots which helped in
ab sorp tion of more wa ter and nu tri ents from larger
area. This must have been re spon si ble for higher
bio mass pro duc tion vis-a-vis more rhi zome yield.
The dif fer ence in yield, yield pa ram e ters and dry

Table 1: Integrated influence of organic and inorganic fertilizers on yield attributes of turmeric.

Treatments Length of
rhizome (cm)

Width of
rhizome (cm)

Yield of
rhizome per

plant (g)

Fresh rhizome 
yield (q/ha)

V1 V2 V1 V2 V1 V2 V1 V2

T1=Control (No application) 3.47 5.21 1.51 2.26 149.57 224.35 180.40 270.60

T2=100% inorganic Nitrogen 4.26 6.38 1.84 2.77 183.22 274.83 220.99 331.48

T3=100% inorganic Nitrogen + 100%P 4.48 6.71 1.94 2.91 192.57 288.85 232.26 348.40

T4=100% inorganic Nitrogen+100%P+
Azotobacter

4.56 6.84 1.98 2.97 196.31 294.46 236.77 355.16

T5=100% inorganic Nitrogen+100%P+
PSB

4.69 7.04 2.04 3.05 201.91 302.87 243.54 365.31

T6=100% inorganic Nitrogen+100%P+
Azotobacter+PSB

5.00 7.49 2.17 3.25 215.00 322.50 259.32 388.99

T7=50% inorganic Nitrogen+50%P +
Azotobacter+50% N through carpet waste 

4.30 6.45 1.86 2.80 185.09 277.63 223.24 334.87

T8=50% inorganic Nitrogen+50%P + PSB 
+50% N through carpet waste 

4.43 6.65 1.92 2.89 190.70 286.05 230.08 345.01

T9=50% inorganic Nitrogen+50%P +
Azotobacter+ PSB + 50% N through
carpet waste 

4.87 6.30 2.11 3.17 209.39 314.09 252.56 378.84

T10=25% inorganic N2 + 25%P +
Azotobacter+PSB+75% N through carpet
waste 

4.30 6.45 1.87 2.80 185.09 277.63 223.24 334.87

T11=Azotobacter 3.91 5.86 1.70 2.54 168.26 252.39 202.95 304.42

T12=PSB 4.04 6.06 1.75 2.63 173.87 260.81 209.71 314.57

T13=Azotobacter + PSB 4.17 6.26 1.81 2.71 179.48 269.22 216.48 324.72

C.D. (P=0.05) 0.176 0.072 7.318 9.054



mat ter pro duc tion could also be at trib uted to the
sig nif i cant in crease in the growth com po nents like
plant height, num ber of leaves, leaf size, leaf area
and num ber of till ers. All these pa ram e ters have an
in di rect pos i tive im pact on the yield com po nents
and yield of tur meric. The data in Ta ble 1 re vealed
that ap pli ca tion of treat ment T6 (100% in or ganic
ni tro gen + 100% in or ganic phos pho rus +
Azotobacter + Phos pho rus solublizing bac te ria)
re corded sig nif i cantly wider rhizome in both the
tur meric va ri et ies Padrauna Lo cal and NDH-18
(2.17 cm. and 3.25 cm, re spec tively), which was
closely fol lowed by T9 (50% in or ganic ni tro gen +
50% in or ganic phos pho rus + Azotobacter +
Phos pho rus solublizing bac te ria + 50% Ni tro gen
through car pet waste) over all treat ments. In
treat ment T7 (50% in or ganic ni tro gen + 50%
in or ganic phos pho rus + Azotobacter + 50%
Ni tro gen through car pet waste)  and treat ment T10

(25% in or ganic ni tro gen + 25% in or ganic
phos pho rus + Azotobacter + Phos pho rus
solublizing bac te ria + 75% Ni tro gen through car pet 
waste) was found sim i lar. In the re spect of width of
rhizome tur meric va ri ety NDH-18 was found
su pe rior over Padrauna Lo cal. In the pres ent
in ves ti ga tion, ap pli ca tion of treat ment T6 (100%
in or ganic ni tro gen + 100% in or ganic phos pho rus +
Azotobacter + Phos pho rus solublizing bac te ria)
re corded sig nif i cantly higher val ues for length of
rhizome in both the tur meric va ri et ies Padrauna
lo cal and NDH-18 (5.00 and 7.49 cm, re spec tively), 
which was closely fol lowed by T9 (50% in or ganic
ni tro gen + 50% in or ganic phos pho rus +
Azotobacter + Phos pho rus solublizing bac te ria +
50% Ni tro gen through car pet waste) (4.87 and 6.30
cm, re spec tively) over all treat ments. In all, length
of rhizome tur meric va ri ety NDH-18 was found
su pe rior over Padrauna Lo cal. Sim i lar trend was
also ob served in case of yield of rhizome per plant

in both the va ri et ies of tur meric.
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ABSTRACT: Progress of Phytophthora blight of taro (Colocasia esculenta var. antiquorum)
caused by Phytophthora colocasiae Racib. was found greatly influenced by environmental
factors prevalent under field condition. Per cent plant infection, disease intensity, coefficient of
disease index and related progress of disease were periodically recorded on a susceptible
variety Narendra Arvi-2. The maximum and minimum infection rate (‘r’) was observed in 33rd and
32nd standard week during 2006 and 2007. Disease intensity and per cent plant infection were
significantly but positively correlated with rainfall and relative humidity in both the year. Disease
intensity and per cent plant infection were negatively but none significantly correlated with
maximum temperature in 2007 but positively correlated in the year 2006. However, rest of the
weather factors were positively correlated to disease intensity and per cent plant infection in both 
the years. Relative humidity, cumulative rainfall and sunshine hour were found most congenial
environmental factors for leaf blight development of taro. 

Keywords: Taro, Phy toph thora blight, en vi ron ment, re gres sion, cor re la tion. 

Leaf blight of taro is caused by a destructive
fungus Phytophthora colocasiae Racib. which is
host specific and widely distributed disease on a
large number of crops. Taro (Colocasia esculenta
var. antiquorum) is known as “Arvi” / “Ghuiya” in
Hindi. The disease causes damage to all parts and
high cormel yield losses upto 70% (Jackson and
Gollifer, 2). P. colocasiae appears under warm and
humid conditions, on foliage severe blight in
congenial environmental conditions resulting
significantly loss in yield. In India, crop growth and 
appearance of disease coincide with the onset of
monsoon making the conditions most favourable
for explosive development of disease
(Vanderplank, 8). The disease assumes severe from
in areas having high relative humidity with frequent 
rainfall. The relationship between disease
progression and weather factors is of paramount
importance for effective disease development. The
present study was conducted to determine leaf
blight intensity was subjected to correlation and
regression analysis with weather factors for the
specific periods of the same year, to determine their 

relationship.

MA TE RI ALS AND METH OS 

The pres ent in ves ti ga tions were con ducted in
the Main Ex per i ment Sta tion, Veg e ta ble Sci ence,
N.D.U.A.T., Kumarganj, Faizabad. Cormels of
sus cep ti ble va ri ety Narendra Arvi-2 were sown in
plot size 3.6 m x 3.0 m (spac ing 60 x 30 cm) in three 
rep li ca tions on 15 March, 2006 and 2007 us ing
rec om mended dose of fer til iz ers for the study of
role of weather fac tors on dis ease de vel op ment.
De vel op ment of dis ease in terms of per cent plant
in fec tion, dis ease in ten sity was re corded at 7 days
in ter val pe ri od i cally, af ter the first ap pear ance of
the dis ease in both the year. Dis ease in ten sity was
re corded on the ba sis of 10 plants ran domly
se lected from each plot at ran dom from each
rep li ca tion of us ing 0-5 scale (Prasad, 5).
Si mul ta neously, me te o ro log i cal data on
tem per a ture (°C) (min i mum and max i mum),
rel a tive hu mid ity (%), cu mu la tive rain fall (mm)
and sun shine (hour) were also re corded for the
in ter ven ing pe riod be tween two con sec u tive
dis ease in ten sity. Data re cord ing and bivariate
cor re la tion anal y sis was con ducted to de ter mine the 
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ef fect of in di vid ual as well as com bined weather
fac tors on dis ease de vel op ment. Weather
pa ram e ters were re corded from Me te o ro log i cal
Ob ser va tory lo cated at Uni ver sity cam pus. Leaf
blight in ten sity was sub jected to cor re la tion and
mul ti ple re gres sion anal y sis with weather fac tors
for the spe cific pe ri ods of the same year, to
de ter mine their re la tion ship. The pre dic tion

equa tion used was Y = a+b1x1 + b2x2 + .......... bnxn.

where,

     Y = Per cent dis ease in ten sity

b1 to bn = Par tial re gres sion co ef fi cient (slop)

      a = In ter cept  

The dis ease prog ress was also mea sured by
cal cu lat ing ap par ent in fec tion rate

(‘r’) as per method given by Vanderplank (8)
us ing lo gis tic equa tion.

      r
t t

=
-

2 303

2 1

.
 log

( )

( )
e

X X

X X
2 1

1 2

1

1

-

-

where,

r = ap par ent in fec tion rate per unit per day 

t t2 1- = time interval between two

           observations.

X 1 and X 2 = pro por tion of dis ease plant parts

at t t1 2and  time in ter vals                                        

1 1- X  and 1 2- X  = pro por tion of healthy

plant parts at t t1 2and  time in ter vals

log e  = natural log

The relative progress of disease (RPD) as

calculated under following formula

Relative progress of disease = Disease
intensity in present week- Disease intensity of

previous week 

Co ef fi cient of dis ease in dex cal cu lated un der

fol low ing for mula

       CODEX = 
PPI PDI´

100
 

where,

CO DEX = Co ef fi cient of dis ease in dex

     PPI = Per cent plant in fec tion

     PDI = Per cent dis ease in ten sity

Dis ease in ten sity and per cent plant in fec tion
were pro cessed, cor re lated and in ter preted with
dif fer ent ep i de mi o log i cal fac tors to find out the
pos i tive cor re la tion for pre dic tion of dis ease
de vel op ment. 

RE SULTS AND DIS CUS SION

The re sults de picted in Ta ble 1 and on weather 
pa ram e ters (Fig. 1 and 2) re vealed that for the first
time the dis ease ap peared on 16th July, i.e., 28th

stan dard week of 2006 and the per cent plant
in fec tion, dis ease in ten sity and co ef fi cient of
dis ease in dex in creased grad u ally till ma tu rity and
reached its max i mum 98.07, 66.06 and 64.78 per
cent at 34th stan dard week (Au gust 27-Sep tem ber
2), how ever, the rel a tive prog ress of dis ease and
in fec tion rate (‘r’) were max i mum in 34th stan dard
week (Au gust 27-Sep tem ber 2) and 33rd stan dard
week (Au gust 20-26) which was 13.85 per cent and
0.617 unit per day, re spec tively with min i mum
tem per a ture (26.20 °C), max i mum tem per a ture
(33.00 °C) sun shine hours (4.40) and min i mum
tem per a ture (26.50 °C), max i mum tem per a ture
(34.00 °C) with rel a tive hu mid ity 78.10 (%),
rain fall (34.50 mm) and sun shine hours (8.50) for
in fec tion rate per unit per day and fol lowed by
in fec tion rate (‘r’) was ob served in 30th stan dard
week (July 30-Au gust 5) with 0.519 per unit per
day at min i mum tem per a ture (26.20 °C), max i mum
tem per a ture (32.30 °C), av er age rel a tive hu mid ity
(80.10%), cu mu la tive rain fall (36.40 mm) and
sun shine hours (7.80) re spec tively. The min i mum
in fec tion rate (‘r’) was ob served in 32nd stan dard
week (Au gust 13-19) with (0.162) per unit per day
at min i mum tem per a ture (26.00 °C), max i mum
tem per a ture (32.40 °C) rel a tive hu mid ity (77.80
%), cu mu la tive rain fall (6.20 mm) and sun shine
hours (7.50), re spec tively. There are three weather
fac tors i.e., av er age rel a tive hu mid ity, cu mu la tive
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rain fall and sun shine hours very con ge nial for leaf

blight de vel op ment. 

Dur ing 2007, the first ap pear ance of leaf
blight was no ticed on 20th July i.e. 28th stan dard
week (July 16-22) and the per cent plant in fec tion,
dis ease in ten sity and co ef fi cient of dis ease in dex
in creased grad u ally till ma tu rity of crop and
reached upto 96.15, 73.27 and 70.45 per cent at 34th

stan dard week (Au gust 27-Sep tem ber 2). How ever,
the rel a tive prog ress of dis ease and in fec tion rate
(‘r’) were max i mum in 34th stan dard week (Au gust
27-Sep tem ber 2) and 30th stan dard week (July
30-Au gust 5) was 15.00 per cent and 0.601 unit per
day, re spec tively at min i mum tem per a ture (26.40
°C), max i mum tem per a ture (31.90 °C), rel a tive
hu mid ity (79.90%), cu mu la tive rain fall (15.60 mm) 
and sun shine hours (3.80) and min i mum
tem per a ture (24.50 °C), max i mum tem per a ture
(30.20 °C), av er age rel a tive hu mid ity (84.90%),
cu mu la tive rain fall (22.20 mm) and sun shine hours
(4.47), re spec tively which fol lowed by in fec tion
rate (‘r’) was ob served in 34th stan dard week
(Au gust 27-Sep tem ber 2) with (0.528) per unit per
day at min i mum tem per a ture (26.40 °C), min i mum
tem per a ture (31.90 °C), av er age rel a tive hu mid ity
(79.90%), cu mu la tive rain fall (15.60mm), sun shine 
hours (3.80), re spec tively. The min i mum in fec tion
rate (‘r’) was ob served in 31st stan dard week
(Au gust 6-12) with 0.133 per unit per day at
min i mum tem per a ture (26.00 °C), max i mum
tem per a ture (32.40 °C), av er age rel a tive hu mid ity
(81.70%), cu mu la tive rain fall (49.20 mm) and
sun shine hours (2.50), re spec tively. These are the
sim i lar weather fac tors dur ing the year 2006 very

con ge nial for leaf blight de vel op ment.   

These results also corroborate the findings of
earlier workers (Pathak and Mishra, 3; Shakywar et
al., 7 and Yadav et al., 9). Garde and Joshi (1) have
reported various weather factors that influenced

leaf blight incidence of colocasia.  

Sim ple cor re la tion 

Sim ple cor re la tion be tween per cent plant
in fec tion, dis ease in ten sity were also found

sig nif i cantly and pos i tively cor re lated with to tal
rain fall for the 2006 (r=0.834, 0.776) and 2007
(r=0.632, 0.653) year re spec tively (Ta ble 2).
Sim i lar trend was seen for the sun shine hours in the
first (r=0.798, 0.772) and sec ond (r=0.698, 0.665)
year also. Dis ease in ten sity were sig nif i cantly and
pos i tively cor re lated with av er age rel a tive hu mid ity 
for the first (r=0.635) year. Per cent plant in fec tion
and dis ease in ten sity were neg a tively but
non-sig nif i cantly cor re lated with max i mum
tem per a ture in the sec ond year. How ever, rests of
the weather fac tors were pos i tively but
non-sig nif i cantly cor re lated to per cent plan
in fec tion and dis ease in ten sity in the 2006 and 2007 
year. Thus, it is clearly in di cates that to tal rain fall
and sun shine hours fa voured dis ease de vel op ment

dur ing both years.

Mul ti ple cor re la tion and re gres sion equa tion

 The mul ti ple cor re la tion co ef fi cient be tween
leaf blight in ten sity and group of in de pend ent
vari ables dur ing crop sea son 2006 and 2007 were
found 0.930 and 0.957, which in di cates that 93.00
and 95.70 per cent leaf blight in ten sity was caused
by av er age rel a tive hu mid ity, rain fall and sun shine
hours. In the year 2006, re gres sion equa tion y =
(-0.3090.03) + 101.54 x1 (-11.17) X2 + 10.36 X3 +
(-0.351) x4 + 94.8 X5 showed min i mum
tem per a ture in flu enced dis ease in ten sity fol lowed
by av er age rel a tive hu mid ity, sun shine hours,
max i mum tem per a ture and to tal rain fall,

re spec tively (Ta ble 3). 

Sig nif i cant and pos i tive cor re la tion be tween

per cent plant in fec tion and dis ease in ten sity with

rain fall and rel a tive hu mid ity was also re corded by

Pouono et al. (4) and Radford (1967). Yadav et al.

(9) have also found sig nif i cant and pos i tive

cor re la tion be tween leaf blight in ten sity with

min i mum tem per a ture, max i mum tem per a ture,

rel a tive hu mid ity, rain fall, sun shine hours and

num ber of rainy days. Thus, the find ings in the

pres ent in ves ti ga tion are well sup ported by the

re sults of pre vi ous work ers.
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Ta ble 1: Ef fect of me te o ro log i cal fac tors on leaf blight of taro va ri ety Narendra Arvi-2.

Standard
week

PPI PDI RPD CODEX Infection rate
per unit per

days
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007

28 5.76

(13.88)

3.80

(11.24)

3.87

(11.34)

4.13

(11.72)

0.00 0.00 0.22 0.16 0.00 0.00

29 15.38

(23.08)

13.46

(21.51)

9.25

(17.70)

12.52

(20.71)

5.38 8.39 1.42 1.69 0.349 0.439

30 46.15

(42.77)

48.07

(43.88)

21.12

(27.35)

26.21

(30.78)

11.87 13.69 9.74 12.60 0.519 0.601

31 59.61

(50.52)

57.69

(49.40)

34.71

(36.08)

36.76

(37.31)

13.59 10.55 20.69 21.21 0.187 0.133

32 71.15

(57.49)

73.07

(58.72)

43.24

(41.10)

43.51

(41.25)

8.53 6.75 30.76 31.80 0.162 0.221

33 94.23

(76.07)

80.76

(63.96)

52.21

(46.25)

58.27

(49.74)

8.97 14.76 49.19 47.06 0.617 0.150

34 98.07

(81.98)

96.15

(78.65)

66.06

(54.35)

73.27

(58.84)

13.85 15.00 64.78 70.45 0.376 0.528

C.D. (P=0.05) 11.75 11.21 7.76 8.39

Figures in parentheses are arcsine transformed value

         PPI = Per cent plant in fec tion           PDI = Per cent dis ease in ten sity
        RPD = Re lated prog ress dis ease        CODEX = Coefficient of disease index
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Ta ble 2: Sim ple cor re la tion be tween per cent plant in fec tion, per cent dis ease in ten sity and me te o ro log i cal fac tors
dur ing 2006 and 2007.

2006 2007

PPI PDI PPI PDI

Temperature °C Minimum 0.248 0.198 0.237 0.226

Maximum 0.535 0.584 -0.319 -0.322

Average relative humidity (%) 0.003 0.635* 0.465 0.565

Total rainfall (mm) 0.834** 0.776** 0.632* 0.653*

Sunshine (hours) 0.798** 0.772** 0.698* 0.665*

* Significant at 5%      ** Significant at 1%

Ta ble 3: Re gres sion of leaf blight in ten sity and me te o ro log i cal fac tors on taro va ri ety. 

Year Regression equation R2

2006 Y = (-3090.03) + 101.54 X1 + (-11.17) X2 + 10.36 X3 + (-0.351) X4 + 9.48 X5 0.930 

2007 Y = (-201.37) + 43.25 X1 + (-29.07) X2 + 0.922 X3 + (=0.23) X4 + 1.00 X5 0.957
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ABSTRACT: The pres ent in ves ti ga tion com pris ing the supplementation of chem i cal and
bio-fertilizers for on ion crop was car ried out un der field con di tions at Babasaheb Bhimrao
Ambedkar Uni ver sity, Lucknow dur ing rabi sea son of 2010-2011. The ex per i ment com prised of
four lev els of chem i cal fer til iz ers and six lev els of biofertilizers. The max i mum ascor bic acid,
re duc ing sugar and to tal sug ars were found with the ap pli ca tion of T11 (100 kg N + 50 kg P + 70
kg K/ha + 2 kg/ha Azotobacter + 2 kg/ha Phosphobacteria). The max i mum TSS, non-re duc ing
sugar, phos pho rus and cal cium were found un der the treat ment T12 (100 kg N + 50 kg P + 70 kg
K/ha + 2 kg/ha Azotobacter + 1.9 kg/ha VAM). The min i mum val ues were found un der the con trol 
i.e. T1. Re sults ob tained by the ap pli ca tion of in or ganic fer til iz ers with biofertilizers ex hib ited
sig nif i cant ef fect on var i ous pa ram e ters stud ied un der the in ves ti ga tion.

Keywords: Azotobacter, phosphobacteria, VAM, chem i cal fer til iz ers, on ion.

On ion (Allium cepa L.), be longing to the
fam ily Alliaceae, is a her ba ceous an nual for the
ed ible bulb pro duc tion and bi en nial for the seed
pro duc tion. On ion is one of the most im por tant crop 
grown in In dia and world wide. More over, on ion is
the only veg e ta ble in which In dia fig ures
prom i nently in the world for pro duc tion and export. 
Raw on ion has an an ti sep tic value through the
al i men tary ca nal. It pro motes bile pro duc tion and
re duces blood sugar. It is rich in min er als like
phos pho rus and cal cium, vi ta min C, pro tein and
car bo hy drates. In or der to meet the in creas ing
de mand of the con sum ers and fill the gap in
off-sea son, on ion is now gain ing pop u lar ity as
kharif sea son crop too. Crop pro duc tion of on ion is
af fected by sev eral fac tors. Biofertilizers have
re cently gained with mo men tum for af fect ing the
sus tain able in crease in crop yield un der var i ous
agro cli ma tic con di tions. Biofertilizers are live
car rier based mi cro bial prep a ra tions used in
ag ri cul ture as low in put re sources to en hance the
avail abil ity of plant nu tri ents or pro mote the growth 
by way of syn the siz ing growth fac tors (Subba Rao
et al., 5). They are low cost ef fec tive, in ex pen sive
and ecofriendly sources of nu tri ent. Role of
biofertilizer on the crop growth and yield was
doc u mented by Yogita and Ram (6). Azotobacter

fixes at mo spheric ni tro gen in de pend ently near the
root zone, thus, en hanc ing the avail able ni tro gen to
the soil, whereas phosphobacteria solublize the soil
phos pho rus and make them eas ily avail able for the
plants. Ve sic u lar-Arbuscular Mycorrhizae (VAM)
play a vi tal role in de vel op ment of stron ger root
sys tem, im proved growth (Zandavalli et al., 7),
nu tri ent up take, in crease tol er ance of host roots to
soil borne patho gens (Nel son and Achar, 3).

Uses of biofertilizers in on ion pro duc tion, to
at least par tially sup ple ment its nu tri ent de mand
and to im prove soil fer til ity by way of the
in te gra tion of dif fer ent sources of plant nu tri ents is
de sired. On ion has a good re sponse for biofertilizer
in oc u la tion due to real na ture of their root
mor phol ogy. Keep ing in view the above facts,
pres ent study was un der taken on qual ity pa ram e ters 
of on ion ap ply ing var i ous biofertilizers and graded
level of chem i cal fer til iz ers.

MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tion was car ried out at
the Hor ti cul tural Re search Farm of Babasaheb
Bhimrao Ambedkar Uni ver sity, Lucknow dur ing
the rabi sea son of 2010-2011. The ex per i ment
com prised of four lev els of in or ganic fer til iz ers viz. 
1. N0P0K0 (With out in or ganic fer til iz ers) C0, 2.
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N1P1K1 (100 kg N + 50 kg P + 70 kg K/ha) C1,  3.
N2P2K2 (75 kg N + 37.5 kg P + 52.5 kg K/ha)  C2 , 
and 4. N3P3K3 (50 kg + 25 kg P + 35 kg K/ha)  C3;
and six lev els of biofertilizers viz. 1. Uninoculated
(With out biofertilizers) B0, 2. Azotobacter (2 kg
/ha) B1. 3. Phosphobacteria (PSB) (2 kg/ha) B2, 4.
Ve sic u lar-Arbuscular Mycorrhizae (VAM) (1900
kg/ha) B3, 5. Azotobacter (2 kg/ha) +
Phosphobacteria (2 kg/ha) B4, and 6. Azotobacter
(2 kg/ha) + VAM (1900 kg/ha)  B5.  Thus, hav ing a
to tal of 24 treat ment com bi na tions i.e. T1 (C0B0), T2

(C0B1), T3 (C0B2), T4 (C0B3), T5 (C0B4), T6 (C0B5),
T7 (C1B0), T8 (C1B1), T9 (C1B2), T10 (C1B3), T11

(C1B4), T12 (C1B5), T13 (C2B0), T14 (C2B1), T15

(C2B2), T16 (C2B3), T17 (C2B4), T18 (C2B5), T19

(C3B
0), T20 (C3B1), T21 (C3B2), T22 (C3B3), T23

(C3B4) and T24 (C3B5), re spec tively. The quan tity of 
fer til iz ers was given as per treat ment. The en tire
amount of phos pho rus and po tas sium along with
half dose of ni tro gen were ap plied as basal dose
dur ing the field prep a ra tion and rest amount of
ni tro gen was ap plied as top dress ing in two- equal
split doses at 30 and 60 days af ter trans plant ing.
Azotobacter, Phosphobacteria and Ve sic u lar-
Arbuscular Mycorrhizae were ap plied at the time of 
trans plant ing i.e. Azotobacter and PSB as seed ling
root treat ment and VAM as soil ap pli ca tion. The
seedling trans plant ing was done in the last week of
De cem ber 2010 in the eve ning at 10 x 15 cm
spac ing. The ex per i ment was laid out in R.B.D with 
twenty four treat ments and rep li cated thrice. All the 
stan dard pack age of prac tices and plant pro tec tion
mea sures were timely adopted to raise the crop
suc cess fully. Five ran domly se lected bulbs from
each rep li ca tion were uti lized for re cord ing
ob ser va tions on TSS, ascor bic acid, re duc ing sugar, 
non-re duc ing sugar, to tal sug ars, phos pho rus and
cal cium. Sta tis ti cal anal y sis of the data was done as
per stan dard method.

RE SULTS AND DIS CUS SION

The ob ser va tions re corded on TSS, ascor bic
acid, re duc ing sugar, non-re duc ing sugar, to tal
sug ars, phos pho rus and cal cium ma tu rity was
sig nif i cantly in flu enced by the in ter ac tion of

in or ganic fer til iz ers and biofertilizers. Ta ble 1
clearly in di cates that the max i mum TSS (13.27
°Brix) was re corded with the ap pli ca tion of T12

(100 kg N + 50 kg P + 70 kg K/ha + 2 kg/ha
Azotobacter + 1.9 kg/ha VAM)   which re mained at
par with  treat ment T11 (100 kg N + 50 kg P + 70 kg
K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria) fol lowed by T18 (75 kg N +37.5
kg P + 52.5 kg K/ha + 2 kg/ha Azotobacter + 1.9
kg/ha VAM) and T17 (75 kg N +37.5 kg P + 52.5 kg
K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria). Whereas, the min i mum TSS
(9.67 °Brix) was re corded un der con trol. These
re sults are in confirmity with the find ings of
Gurubathem et al. (1). Higher ascor bic acid was
ob tained with the ap pli ca tion of T11 (100 kg N + 50
kg P + 70 kg K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria) which re mained at par with 
treat ment T12 (100 kg N + 50 kg P + 70 kg K/ha + 2
kg/ha Azotobacter + 1.9 kg/ha VAM). Whereas, the
lower ascor bic acid was ob tained un der con trol
treat ment. The high est re duc ing sugar (14.23%)
and to tal sug ars (43.81 %) were re corded with the
treat ment T11 (100 kg N + 50 kg P + 70 kg K/ha + 2
kg/ha Azotobacter + 2 kg/ha Phosphobacteria)
which was at par with T17 (75 kg N +37.5 kg P +
52.5 kg K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria) fol lowed by T12 (100 kg N + 50
kg P + 70 kg K/ha + 2 kg/ha Azotobacter + 1.9
kg/ha VAM), re spec tively over the con trol
treat ment. The high est non-re duc ing sugar (29.87
%) was re corded with the treat ments T17 (75 kg N
+37.5 kg P + 52.5 kg K/ha + 2 kg/ha Azotobacter +
2 kg/ha Phosphobacteria) which were at par with
T12 (100 kg N + 50 kg P + 70 kg K/ha + 2 kg/ha
Azotobacter + 1.9 kg/ha VAM), T18 (75 kg N +37.5
kg P + 52.5 kg K/ha + 2 kg/ha Azotobacter + 1.9
kg/ha VAM) and T11  (100 kg N + 50 kg P + 70 kg
K/ha + 2 kg/ha Azotobacter + 2 kg/ha Phospho-
bacteria), re spec tively over the con trol treat ment.
Sim i lar re sults were also cor rob o rated by Ram and
Rajput (4). The max i mum phos pho rus con tent
(35.00 mg/100g) and cal cium con tent (24.33
mg/100g) was found under the treat ment T12 (100
kg N + 50 kg P + 70 kg K/ha + 2 kg/ha Azotobacter



+ 1.9 kg/ha VAM) fol lowed by T11 (100 kg N + 50
kg P + 70 kg K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria) and T17 (75 kg N +37.5 kg P +
52.5 kg K/ha + 2 kg/ha Azotobacter + 2 kg/ha
Phosphobacteria), re spec tively. Whereas, min i -
mum phos pho rus con tent (26.33 mg/100g) and
cal cium con tent (18.00 mg/100g) were found under 

the con trol i.e. T1 confirming the re port of Kumar
and Mangal (2).
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Ta ble 1: Ef fect of chem i cal and bio-fertilizers on dif fer ent bio-chem i cal pa ram e ters of on ion.

Treatments T.S.S
(%)

Ascorbic
acid (%)

Reducing
sugar (%)

Non-reducing 
sugar (%)

Total
sugars (%)

Phosphorus

(mg/100g)

Calcium

(mg/100g)

T1 9.67 7.37 10.63 24.86 35.49 26.33 18.00

T2 9.93 7.59 11.12 25.94 37.06 28.33 18.33

T3 10.13 7.66 11.45 25.83 37.28 28.00 19.00

T4 10.47 7.92 11.28 26.42 37.70 29.00 20.33

T5
10.67 7.85 11.38 26.51 37.89 29.33 20.67

T6
10.93 7.92 11.61 26.81 38.48 29.33 20.33

T7 12.00 8.14 11.88 27.12 39.01 30.00 21.33

T8 12.13 8.18 12.22 26.92 39.14 30.67 21.33

T9 12.13 8.36 12.13 28.21 40.34 30.33 20.67

T10 12.33 8.32 12.28 28.59 40.87 31.33 20.67

T11 13.07 10.34 14.23 29.57 43.81 33.00 23.00

T12
13.27 10.19 13.00 29.80 42.80 35.00 24.33

T13 12.07 8.32 12.48 26.19 38.67 30.00 20.33

T14 11.60 8.29 12.42 26.33 38.76 29.67 20.67

T15 12.00 8.47 12.32 27.34 39.33 30.00 20.33

T16 11.93 8.36 12.43 28.00 40.42 30.33 20.67

T17 12.80 9.46 13.33 29.87 43.20 33.00 22.67

T18
12.80 9.90 12.78 29.80 42.69 32.33 22.33

T19 10.80 8.07 11.81 26.52 38.33 29.33 20.33

T20 11.20 8.10 11.34 26.93 38.27 30.00 20.00

T21 11.60 8.43 11.70 27.97 39.67 30.33 20.67

T22 11.47 8.47 12.17 27.17 39.33 30.67 20.00

T23 12.07 9.20 12.63 28.71 41.33 32.33 22.00

T24
12.20 9.31 12.53 29.03 41.55 31.67 21.67

C.D.

(P=0.05)
0.37 0.13 0.45 0.91 0.75 1.03 0.77
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AB STRACT: Phomopsis leaf blight  caused by Phomopsis vexans is an im por tant dis ease of
Brin jal (Solanum melongena L.) in East ern U.P. There fore, ef fi cacy of fun gi cides and
biopesticides were tested in-vitro and in-vivo. Bavistin (0.1%), Vitavax (0.1%), Blitox-50 (0.2%),
and Ridomil (0.15%) proved to be the most ef fec tive in in hib it ing the growth of patho gen in-vi tro
and con trol ling  the dis ease in the field. Biopesticide, Nimbidine was also proved ef fec tive, but
slightly less ef fec tive than sys temic fun gi cide ex cept Indofil M-45, Nimbidine be ing  a safe
eco-friendly and eco nom i cal bioproduct which can be used in the man age ment of the dis ease.

Key words: Brin jal, Phomopsis leaf blight, Phomopsis vexans, management, fun gi cide, biopesticide.

Brin jal  or egg plant (Solanum melongena L.)
is one of the most com mon, pop u lar veg e ta ble crop
grown in al most  world wide. In dia is con sid ered to
be the cen tre of or i gin of cul ti vated brin jal, from
where it spread to the other parts of the world
(Chaudhury and Kalda, 2). Brin jal was ob served to
suf fer from  Phomopsis leaf blight and fruit rot,
caused by Phomopsis vexans, is  con sid ered to be
the most de struc tive dis ease of brin jal (Kumar, 5).
Phomopsis blight was first time re ported in In dia in
Bom bay (Uppal et al., 9). Not much work has been
done on this dis ease ex cept that the re port of its
oc cur rence. Re cently, the dis ease has as sumed
se ri ous pro por tion dam ag ing the crop to the tune at
35-40 per cent. There fore, it was felt nec es sary to
study the man age ment of dis ease through the use of 

fun gi cides and biopesticide.

MA TE RI ALS AND METH ODS  

The ef fi cacy of fun gi cides and biopesticides
against the patho gen in-vitro was tested by poi son
food tech nique de scribed by Schmitz (8) us ing
PDA Me dium. Bavistin,Vitavax, Blitox-50,
Chlorothionil, Ridomil,  Indofil M-45, Zineb,
Kitazin, Captofol and one an ti bi otic Streptocycline  
(0.2%) and biopesticide Nimbidine, Bael and

Ashok ex tract (1.0%) were used (Ta ble 1). 

Ex tracts of bo tan i cals-Bael (Aegle mormelos)
and Ashok (Polyalthia longifolia) were pre pared by

crush ing their leaves (100 g each) in 100 ml of
ster il ized  dis tilled wa ter. The ex tract were then
fil tered through a mus lin cloth and cen tri fuged for
30 min at 5000 rpm. The ex tracts were ster il ized by
pass ing them through a Millipore fil ter (0.22 mm
pore size) us ing a swimmy fil ter adapter.  The
ma te ri als were dried at room tem per a ture (25+2°C)
for 6 hours to re move the traces of wa ter.
Sub se quently 1% con cen tra tion of the ex tract of
each bo tan i cal  was used for bio-as say test by food
poi son tech nique. The ra dial growth of Phomopsis
vexans in three rep li ca tions were re corded
sep a rately and their av er ages were taken. The per
cent in hi bi tion over con trol was cal cu lated by the
for mula (Bliss, 1) as given be low :

C-T

Per cent inhibition over control = ´.......
100

C

Where, C= growth of fun gus in con trol.

                 T= growth of fun gus in treat ment. 

In or der to find out a suit able con trol of the

dis ease, ef fi cacy of fun gi cides and biopesticides

were assessed in field trial at Stu dent Re search

Farm of T.D.P.G. Col lege, Jaunpur dur ing Kharif

sea son 2005-2006 and 2006-2007. The disease

sus cep ti ble va ri ety “Arka Keshav” of brinjal was

trans planted in 4x4 m plot size in Ran dom ized

Block De sign with  4 rep li ca tions. Sixty days old
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Ta ble 1: Ef fect of fun gi cides and biopesstcides on col ony growth of Phomopsis vexans on P.D.A.

Product Conc. w/v Av. Colony diameter 

after 5 day (mm)

Per cent inhibition 

over control

Bavistin 0.10 0.0 100

Vitavax 0.10 0.0 100

Blitox-50 0.20 0.0 100

Ridomil 0.20 0.0 100

Nimbidine 0.50 2.50 97.05

Inofil M-45 0.20 4.95 94.17

Chlorothonil 0.20 7.95 90.67

Kitazin 0.20 9.20 89.17

Zineb 0.20 10.12 88.94

Captofol 0.20 14.15 83.35

Bel extract 1.00 16.30 80.82

Ashok extract 1.00 19.25 77.35

Streptocycline 0.20 26.00 69.41

Control - 85.0 -

C.D. (P = 0.05) - 4.98 -

Ta ble 2: Ef fi cacy of fun gi cides and biopesticides against Phomopsis leaf blight of brin jal un der field
con di tion.

Product Dose % Disease incidence % Yield (q/ha)

2006 2007 Mean 2006 2007 Mean

Bavistin 0.10 9.25

(17.70)

8.00

(16.42)

8.62

(17.07)*

 228 239 235.5

Vitavax 0.10 9.10

(17.55)

10.20

(18.62)

9.65

(18.09)

238 223 230.5

Blitox-50 0.20 11.75

(20.04)

12.00

(20.26)

11.86

(20.14)

228 219 223.5

Ridomil 0.20 12.50

(20.70)

13.30

(21.38)

12.90

(21.04)

216 208 212.0

Nimbidine 0.50 15.25

(22.90)

14.60

(22.46)

14.92

(22.74)

196 203 199.5

Indofil-45 0.20 17.56

(24.77)

18.25

(25.29)

17.90

(25.02)

189 182 185.5

Control — 32.20

(34.57)

33.80

(35.54)

33.00

(35.06)

140 136 138.0

C.D. (P = 0.05) (2.43) (2.15) (2.05)   6.5    5.3   5.9

* Fig ures in pa ren the sis are an gu lar trans formed value. 



plants were ar ti fi cially in oc u lated by spray ing of

my ce lium cum spore sus pen sion of the patho gen

and the plots were ir ri gated from time to time, to

main tain proper mois ture.The five fun gi cides viz.

Bavistin and Vitavax (0.1%), Blitox-50 (0.2),

Ridomil (0.2%), Indfil M-45(0.2%) and one

biopesticide Nimbidine (0.5%) were used as spray

(Ta ble 2). The first spray was done at the on set of

dis ease fol lowed by two more spray at 15 days

in ter vals. The con trol plots were sprayed with wa ter 

only. For re cord ing the dis ease in ten sity one

hun dred ran domly se lected  leaves per plot were

ex am ined af ter 15 days of the last spray and the 

per cent age of dis ease in ten sity was trans formed

into an gles and ana lysed sta tis ti cally. Yield was

es ti mated on plot ba sis with out con sid er ing the

bor der rows in q/ha.

RE SULTS AND DIS CUS SION

The re sults pre sented in (Ta ble 1) in di cate that 

all the fun gi cides, plant ex tracts and bio-pes ti cides

were sig nif i cantly su pe rior over con trol in

in hib it ing the growth of the patho gen in-vi tro.

Bavistin, Vitavax,  Blitox-50 and Ridomil were the

most ef fec tive fun gi cides and they com pletely

in hib ited the growth of patho gen. Nimbidine and

Indofil M-45 were found to be the next best in

in hib it ing the growth of patho gen. These were

sta tis ti cally at par and show ing 97.05 and 94.17 per

cent in hi bi tion over con trol, re spec tively. The

Captafol was  the least ef fec tive fun gi cide. Bael and 

Ashok ex tracts in hib ited 80.82 and 77.35 per cent

growth of patho gen and ap peared sta tis ti cally at par 

to each other. The ra dial growth of the patho gen in

the case of rest of fun gi cides var ied from 7.95 to

14.15 mm that showed their in ef fec tive ness. The

find ing of Mohanty et al. (6) also con firmed the

ef fec tive ness of Bavistin, Blitox -50, Ridomil and

Indofil M-45 in check ing the growth of  P.  vexans

un der lab o ra tory con di tion. Mohanty et al. (7)

ob served fun gi cidal  prop er ties of the Bael and

Ashok leaf ex tract against P. vexans in-vi tro.

The re sults of field test with five fun gi cides

and one bio-pes ti cide Nimbidine  (Ta ble 2) in di cate 

their ef fec tive ness in man ag ing the dis ease.

Spray ing of Bavistin (0.1%),  and Vitavax (0.1%) at 

the in ter vals of 15 days was more ef fec tive in

min i miz ing the dis ease in ci dence and in creas ing

the yield and proved sta tis ti cally at par. High est

yield of  235.5 q/ha was ob tained with Bavistin

fol lowed by Vitavax 230.5 q/ha. The next ef fec tive

fun gi cide was Blitox-50 (0.2%) which showed

11.86 per cent dis ease and 223.5 q/ha yield.

Indofil-45 (0.2%) proved to be the least ef fec tive

one. The bio-pes ti cide, Nimbidine was nu mer i cally

better than Indofil M-45 but was at sta tis ti cally

dif fer ent  show ing mean dis ease in ci dence 14.92 

and 199.5 q/ha yield against 31 per cent dis ease and 

182.5 q/ha yield in wa ter sprayed check plots.

The per for mance of sys temic fun gi cide was

better than non-sys tem atic fun gi cide and it could be 

pos si ble to con trol the dis ease through the spray ing

of fun gi cide on brin jal. Ob ser va tion of Das (3) on

con trol of Phomopsis blight of Brin jal  by 3

spray ing of Bavistin and Indofil M-45 sup port the

ob ser va tion re gard ing fo liar  sprays. Sim i larly,

Is lam and Pan (4) sug gested that Phomopsis blight

of brin jal can be man aged by the spray ing of

Bavistin and  Vitavax. 
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Re search Note :

CHIRONJEE : A PROM IS ING TREE FRUITS OF DRY SUB TROP ICS  

P.S. Chauhan, Jitendra Singh and Kavita A.

Col lege of Hor ti cul ture and For estry (MPUAT), Jhalarapatan, Jhalawar–326 023 (Raj) 

Keywords : Chironjee, de cid u ous, dry sub trop ics, mi nor fruit.

Chironjee (Buchanania lanzan) is a com mon
tree in dry de cid u ous for ests. It is en demic to
trop i cal dry de cid u ous for est of In dia. In eng lish
lan guage it is known as lit tle goose berry tree

(Janick and Paull, 3). It is also known as Cudappah
al mond or almondette. Chironjee fruits are
con sid ered as one of the de li cious wild fruits. Its
seeds are ed ible and are re garded as sub sti tute for
al mond nuts.  These seeds, in many cases are
rushed to gen er ate a pow der for fla vour ing or use as 
spice in many In dian dishes. Be sides, chironjee
nuts are oc ca sion ally use ful to thicken sauces and
stews. The ker nels have a pleas ant, sub acidic
fla vour and are eaten raw or roasted.  It is a high
value mi nor fruit plant.  How ever, it is yet con fined
to the for est area as stray plan ta tion. The tribals
col lect chironjee fruits and sale them in lo cal
mar ket. For them it forms the back bone of
econ omy.  In view of util ity and com mer cial
de mand, the spe cies needs to bring un der
com mer cial farm ing. 

Chironjee is re garded for its high value ker nel. 
It is a com mon sub sti tute of al mond amongst dry
fruits. Its ker nel oil is use ful in cur ing glan du lar
swell ings of the neck. Chironjee paste is ex cel lent
skin con di tioner. Be sides fruit, its bark finds uses in 
nat u ral var nish and is used for tan ning also. Gum
exudates ob tained from tree trunk are used for
dress ing tex tile. Gum is also use ful in treat ing
di ar rhoea, in ter cos tal and rheu matic pains. Leaves
are used in the treat ment of skin dis eases. Fruits are
used in treat ing cough and asthma. The leaves
pos sess cordiotonic prop er ties. Leaf pow der is a
com mon cure for wounds. They con sti tute high
class feed for cat tle. The roots are ac rid, as trin gent,
cool ing, depurative and con sti pat ing, and are use ful 
in treat ment of di ar rhoea. It is a good spe cies for

grow ing over bare hill slopes. The tree serves as
host of rear ing kusumi strain of lac. 

Thus, chironjee has won der ful utilifarious
at trib utes. In view of this, a de tail ac count of
chironjee cul ti va tion has been fur nished here un der
to help fa vour its cul ti va tion be yond wild
ecosphere.

Chem i cal Com po si tion

Chironjee fruits as well as ker nel are very
nu tri tious. Its fruits con tain 74.3 % mois ture, 2.2 %
pro tein, 0.8 % fat, 1.5 % fi bre, 19.5 %
car bo hy drate, 78 mg/100 g cal cium and 28 mg/100
g phos pho rus. Its cal o rific value is 49 k-cal/100 g.
Its ker nel con tains- mois ture 3 %, pro tein 19 %, fat
59.1 %, car bo hy drate 12.1 %, min eral mat ter 3 %,
fi bre 3.8 %,  cal cium 279 mg /100 g, phos pho rus
528 mg/100 g, iron 8.5 mg/ 100 g, thi a mine 0.69
mg/100 g, ri bo fla vin 0.53 mg/100 g, ni a cin 1.5
mg/100 g and vi ta min C 5  mg/100 g. The clorific
value of ker nel is 650 k-cal/100g. The ker nel also
con tains 34-47 % oil (Gopalan, 2).

Or i gin and Dis tri bu tion

Chironjee, orig i nated in the In dian
sub-con ti nent, is found grow ing nat u rally as wild
stand in the trop i cal de cid u ous for ests of north,
west ern and cen tral In dia mostly in the states of
Madhya Pradesh, Bihar, Orissa, Andhra Pradesh,
Chhattisgarh, Jharkhand, Gujarat, Rajasthan and
Maharashtra. This is found grow ing through out
In dia, Burma and Ne pal (Hemavathy and
Prabhankar, 4). Its dis tri bu tion has been marked
upto an el e va tion of 1200 m in sub trop ics and up to
900 m in Sub-Hi ma la yas. Be sides In dia, the plants
are found dis trib uted in other trop i cal Asian
coun tries, Aus tra lia and pa cific is lands too. About
seven spe cies have been re ported from In dia of
which two yield ed ible fruits. It is a com mon
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as so ci ate of Sal (Shorea robusta), Teak (Tectona
grandis) Dhok/Kaldhi (Anogeissus pendula),  Salai
(Boswellia serrata) for ests and oc cu pies lower to
mid dle can opy in dry de cid u ous for ests. 

Tax on omy

Chironjee (Buchanania lanzan), be longs to
fam ily Anacardiaceae, is a me dium-sized
de cid u ous tree, grow ing to about 50 ft tall. It bears
fruits each cotaining a sin gle seed, which is used as
an ed ible nut. It has tickly leath ery leaves which are 
broadly ob long, with blunt tip and rounded base.
Leaves have 10-20 pairs of straight, par al lel veins.
The tree sheds its leaves for a very short pe riod
dur ing May-June un der sub trop ics. Py ram i dal
pan i cles of small bi sex ual green ish white flow ers
ap pear in aux il iary and ter mi nal pan i cles dur ing
early spring in Jan u ary-March.  A sin gle pan i cle
bears about 3000 – 5000 flow ers.  When buds start
grow ing ex ter nally, it takes about 18-28 days to
anthesis. Fruit set is around 3 per cent. Fruits ripen
dur ing April and they con tinue to ripen till May.  At 
rip en ing stage pericarp of fruits changes its col our
from green to dark tan. Fruits re main on the tree for
quite lon ger. Fruits are drupe, ovoid or globose,
black, 8-12 mm in di am e ter with hard stones.
Un ripe fruit are green in col our. 

Area and Pro duc tion

Chironjee is not cul ti vated as reg u lar
plan ta tion. It is found grow ing as stray plan ta tion in 
nat u ral hab i tat.  How ever, its reg u lar plan ta tion is
seen un der some bo tan i cal graden. Ex act sta tis tics
as re gard to area is not avail able. How ever, den sity
of pop u la tion across var i ous for est range, gives an
idea as re gard to plant stand and the pro duc tion. In
Lalitpur (U.P.) for est ranges the den sity of
Chironjee plants re corded was 4.5 to 23.66 tree/ha.
Tewari et al. (18) re ported rel a tively higher plant
pop u la tion of Chironjee near wa ter sourses.
Sim i larly, Prasad and Pandey (7) re ported a den sity
of 4 to 23.66 tree/ha in teak dom i nant for est of
Seony (M.P.) and con cluded that the den sity of
plants was greatly in flu enced by its vi cin ity to
hab i ta tion. Prasad and Bhatnagar (8) re ported that

in Madhya Pradesh and Chhattisgarh alone,
Chironjee seeds to the tune of 1108 tonne/year were 

col lected. 

Soil and Cli mate

Chironjee is com monly grown in for est area
mostly in eroded ra vine lands. It does n’t found
grow ing in wa ter logged ar eas, but oc curs lo cally in
clay soils. It pre fers soils which are neu tral in
re ac tion and me dium to deep in depth. In its nat u ral
hab i tat, it with stands ab so lute max i mum shade
tem per a ture upto 45°C and min i mum 1°C. An nual
pre cip i ta tion of 750 mm to 12150 mm suf fices the
need of crop. The plant pre fers dry sub-hu mid
cli mate. The plant is sus cep ti ble to frost in jury. 

Spe cies and com mer cial va ri et ies

Seven spe cies of Buchanania have been
re ported in In dia of which two B. lanzan (Syn. B.
latifolia) and B. axillaries (Syn. angustifolia)
pro duce ed ible fruits. B. lanceolata is an
en dan gered spe cies. It is found in the ev er green
for ests of Kerala. B. platyneura is found in
Andaman only. Other spe cies of the ge nus are B.
lucida, B. glabra, B.accuminata. It is re ported that
the fruits of B. platyneura are also ed ible. The B.
exillaris are re ported to be dwarf in size and
pro duces ex cel lent qual ity of ker nel. 

Va ri ety 

There is no iden ti fied cultivar of chironjee.
At tempt is in prog ress to iden tify and re lease some
high yield ing, dwarf and suit able se lec tions of
chironjee. As a part of im prove ment, col lec tion and 
eval u a tion, fif teen ge no types were eval u ated for
var i ous hor ti cul tural traits at Cen tral Hor ti cul tural
Ex per i ment Sta tion, Godhra (Gujarat) and
CHESC-7 was found prom is ing. In this type, peak
flow er ing was ob served dur ing first week of
Feb ru ary and fruit set was no ticed dur ing third
week of Feb ru ary. The fruit rip ened dur ing third
week of April.The fruit had 1.20 g fruit weight, 22
% TSS, 13 % To tal sugar, 50 mg/ 100 g vi ta min C,
0.12 g ker nel weight and 30.0 % ker nel pro tein
(Singh et al., 12).

376 Chauhan et al.



Prop a ga tion

The tree is prop a gated from seeds which
re main en closed in side a hard shell. To get better
ger mi na tion, the shell of the fruit should be cracked 
care fully .Fresh seeds give better ger mi na tion. By
us ing such seeds 70 % ger mi na tion has been

re ported (Srivastava, 14). Singh et al. (13) re ported
that one kg weight of chironjee con tains 4300-5300 
seeds. The seeds have 55-65% germinability. The
seed is re cal ci trant in na ture and they lose vi a bil ity

soon even af ter 3 months of haresting. Fresh seeds 
give good ger mi na tion. Seed, ex posed to hot sun 
quickly lose vi a bil ity and ger mi na tion is low.
Shukla and Solanki (9) re ported that 48-hour seed
soak ing in or di nary wa ter gave as high as 71 per
cent seed ger mi na tion, Me chan i cal break ing of
stony endocarp re sulted in 83 per cent ger mi na tion.
How ever, me chan i cal break ing is time con sum ing
and pos ses high risk of dam age to em bryo. Seed can 
be stored in air tight con tain ers upto one year.
Choubey et al. (1) re ported best ger mi na tion with 1
per cent HgCl treat ment.Veg e ta tive prop a ga tion
through soft wood graft ing and chip bud ding is
suc cess ful but rarely tried as no de mand of plants
has been gen er ated in want of com mer cial
cul ti va tion.  

Veg e ta tive prop a ga tion

Chironjee is hard to root. In a study, Singh et
al. (11) re ported 67 per  cent root ing in root cut tings
of Chironjee with 1600 ppm IAA treat ment. Best
root ing was re ported from 1.5-3.5 mm thick roots.
Air lay er ing and patch bud ding did n’t pro duce
suc cess ful re sults (Tewari and Bajpai, 15). Chip
bud ding in the month of Au gust showed prom ise
(Shukla et al., 10). Tewari et al. (19) re ported
ve neer graft ing suc cess ful for prop a gat ing
chironjee in the month of Au gust -Sep tem ber. 

Plant ing

Chironjee should be planted at a spac ing of
8-10 metre. Seed lings tree may be planted at a
spac ing of 10 x 10 m and those vege ta tively
prpopagated ones at a spac ing of 8 x 8 m. Be fore
plant ing the pit should re ceive 20 kg FYM, 300 g

super phos phate and 200 g muriate of pot ash.
Plant ing on bar ren land leads to less sur vival of
plants (Prakash, 6; Tewari et al., 16).

Tree ar chi tec ture and Prun ing

Chironjee is not pruned reg u larly. It does n’t
tol er ate the rig our of reg u lar prun ing. When
pruned, gum ex u da tion starts. It fur ther re stricts
prun ing. The spe cies is a mod er ate light de mander
and hence does n’t re quire reg u lar prun ing.
How ever, while prun ing dead, dam aged, dis eased
and interlacerating branches should be re moved.
The main stem of the plant should be main tained
free of branches for about 60 cm from ground level. 
Above it 4-6 scaf fold branches scat tered in all four
di rec tions are al lowed to grow.

Nutition and wa ter man age ment

There is need to stan dard ize nu tri tional
re quire ment of chironjee tree. How ever, Srivastava
(14) ob served the use of 20-30 kg FYM and
100-500 g urea ben e fi cial for the tree be fore
flowerig stage. Af ter flow er ing stage the plant
should be fed with FYM 30 kg, N 400 g, P 400  g
and  K 600 g/plant. The plant is grown mostly as
rainfed. How ever, for better growth reg u lar
ir ri ga tion is re quired.

Har vest ing and Yield

 The fruits of chironjee ma ture in 4- 5 months.
They are har vested dur ing April- May. At the time
of maturiy fruits change their col our from green to
pur ple. Rip en ing starts from prox i mal end of fruit.
As soon as one or two drupes change col our, the
fruits are con sid ered ready to har vest. Man ual
har vest ing is done. The branches are shock to force
the fruit to drop to col let the fruits.  Fruit bear ing
shoots (peduncle) is har vested with a sickle
at tached to a long bam boo pole. If this is not done
care fully, there is dam age to the grow ing shoot of
plant and this is dam ag ing to chironjee.

Yield de pends upon growth of plant.
Gen er ally, a full grown plant may pro duce 1.0 q
fresh fruits with a bulk yield of 40 kg stones and 7-8 
kg ker nels in a year. How ever, 3-4 kg ker nels per
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plant per year is nor mally har vested (Tewari et al.,
17). Chironjee has long ges ta tional pe riod. Ex act
age of bear ing of Chironjee has yet not been
es tab lished. It is be lieved that it takes about 15-18
years to come into bear ing.

Pro cess ing

Kumar et al. (5) has stan dard ized the
tra di tional method for pro cess ing chironjee fruits
and ker nels. There are fol low ing three steps for its
pro cess ing.

De-skin ning

The har vested nuts are soaked over night in
wa ter. They are then rubbed with palm and with
jute sack for large scale procesing. The wa ter
con tain ing fine skin is de canted. To get clean nuts,
they are washed in clean wa ter. The clean nuts are
dried in sun for 2-3 days and stored for shell ing.

 Shell ing

 It is the pro cess of sep a rat ing ker nel from
hull. For small scale pro cess ing, the dried nuts are
rubbed us ing stone slab on a rough stone sur face.
The ker nels are then man u ally sep a rated. How ever,
for large scale shell ing hor i zon tal stone un der
run ner or burr mill is used.  The im pact and arasive
forces sep a rate coat from ker nel and split the
ker nel. 

Grad ing

 This is done to sep a rate ker nels from hulls
and also to sep a rate ker nels of dif fer ent sizes. The
shelled or splitted keranels are passed through a
grader. The grad ers are fit ted with three os cil lat ing
screens of var i ous sizes.  The grader sep a rates the
pro duce as per its open ing size.
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Flow ers form an in te gral part of our rich
her i tage and cul ture as we have tra di tion in
flori cul ture. In the last two de cade with chang ing
life styles and rapid ur ban iza tion, flori cul ture has
as sumed a def i nite com mer cial sta tus in In dia. In
In dia roses are grown for cut flow ers, mak ing
es sen tial oil, rose wa ter and gulkand. First Red and
Grand Gala both are the im por tant cultivars of cut
rose. 8-hydroxy quinoline ci trate (8-HQC) is a very
im por tant and ef fec tive ger mi cide used in flo ral
in dus try (Butt, 1). Thus, in cor po rat ing 8-HQC
ei ther in vase so lu tion or as pulse would re strict the
mi cro bial growth and sub se quent vas cu lar
block age and thus  pro mote wa ter up take.

But very lit tle work has been done to pro long
the vase life of cut roses and still lot needs to be
done. None of the work ers has sug gested clear-cut
rec om men da tion about chem i cals and their
con cen tra tion for adop tion to the vase life of cut
roses. Keep ing the above fact in view, an
in ves ti ga tion was car ried out to study “ef fect of
AgNO3 and 8-HQC on vase life of cut roses” dur ing 
July 2010 in the lab o ra tory of De part ment of
Hor ti cul ture, Ch. Charan Singh Uni ver sity
Cam pus, Meerut (U.P.) In dia.

 The cut flow ers hav ing 42-44 cm stem length
were har vested in the morn ing be tween 7.00 am to
8.00 am at tight bud stage, when only one or two
pet als had un folded, with the help of a clean and
sharp secateur. The cut flow ers were then brought
to the lab o ra tory in a bucket con tain ing fresh tap
wa ter. The stem ends were then re-cut to uni form
length of 40 cm each and re tained only four
up per most leaves. 

Af ter re cord ing the fresh weight of each cut
stem in the lab o ra tory the cut flow ers were kept in

50 ppm and 100 ppm so lu tion of AgNO3 and 100
ppm and 200 ppm 8-HQC un der am bi ent con di tion
of 32 ± 2°C tem per a ture and 50-75% rel a tive
hu mid ity. There were ten treat ments in all, each
cultivar hav ing four and two was of con trol,
rep li cated thrice in com pletely ran dom ized de sign
(CRD) and the flow ers taken per rep li ca tion were
four and fi nally the vase life and qual ity of cut roses 
were eval u ated in the test tubes con tain ing of 150
ml hold ing so lu tion.

Vase life in days was counted from the time
when the cut flow ers were kept in vase till
se nes cence. The end of use ful vase life or
se nes cence symp toms was marked ei ther by
ap pear ance of bent neck, blu ing of pet als in case of
the flow ers, wilt ing, black en ing or dry ing of outer
pet als or open ing at cen tre petal drop and col our
fad ing etc. 

The use of 8-HQC is well known in cut
flow ers as it acts as an bactericides for im prov ing
the vase life of cut rose, while AgNO3 which acts as 
an anti eth yl ene also helps in en hanc ing the flower
di am e ter and vase life of cut roses. Treat ment with
AgNO3 (50ppm) and 8-HQC (200 ppm)
sig nif i cantly in creased the fresh weight of flow ers
over the con trol (dis tilled wa ter). Higher gain in
fresh weight was as so ci ated with lon ger vase life.
Ini tial in cre ment of fresh weight un til 3rd day af ter
har vest was also ob served by Shiva and
Bhattacharjee (4). Puls ing or hold ing so lu tion
in creases the to tal starch con tent of the pet als over
the un treated con trol as starch con tent was
pos i tively as so ci ated with vase life as ob tained by
Mariam et al. (3). So lu tion con tain ing 8-HQC
lim its the num ber of bac te ria in stems. Sim i larly,
ef fect of AgNO3, which is also an antiethylene
agent, en hance the flower di am e ter and wa ter
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up take of cut rose cv. ‘First Red’ and cv. ‘Grand
Gala.’

Doorn et al. (2) re ported en hance ment in vase
life of cut roses blooms treated with AgNO3 and
8-HQC. Fur ther ex per i ment con ducted on rose cv.
‘First Red’ and ‘Grand Gala’ pres ents en hanced
wa ter up take and flower di am e ter over con trol. In
the ex per i ment vase life of cut flower un der
dif fer ent treat ments was de ter mined in vase hold ing 
so lu tion i.e., 50 ppm, 100 ppm, AgNO3 and 100
ppm, 200 ppm 8-HQC.

The cut rose cv. First Red showed the
max i mum di am e ter at 100 ppm 8-HQC, while as in
cv. Grand Gala 100 ppm AgNO3 showed max i mum
flower di am e ter on 3rd day in vase. The max i mum
vase life of cut roses cv. First Red and Grand Gala
was re corded in 8-HQC at 200 ppm and 100ppm.
The above find ings shows that the chem i cal
re sponse of AgNO3 was best for in creas ing the
fresh weight of cut flow ers, while as the max i mum
vase life of cut flow ers were re corded when treated
with 8-HQC which act as bacteriocide and
im proves the flower di am e ter, wa ter up take and
vase life of cut rose flow ers. How ever, the
com par i son or va ri etal dif fer ence was found to be
best in cv. First Red in com par i son to cv. Grand
Gala in terms of its fresh weight (g), flower
di am e ter (cm) and vase life.

From the re sults ob tained (Table 1) it can be
con cluded that hold ing the cut rose cv. First Red
and cv. Grand Gala in the so lu tion of 8-HQC at 200
ppm was most ef fec tive in pro mot ing the fresh
weight and wa ter up take cut rose of flow ers.

The cut rose cv. First Red and Grand Gala
treated with AgNO3 and 8-HQC at 100 ppm and
200 ppm in creased the flower di am e ter, how ever,
the max i mum flower di am e ter was re corded in cv.
First Red at 100 ppm 8-HQC, while in cv. Grand
Gala max i mum di am e ter was re corded at 100 ppm
AgNO3. The keep ing qual ity of cut rose, treated
with AgNO3 and 8-HQC chem i cals showed better
re sults at 100 ppm 8-HQC in which max i mum vase
life was ob tained in cv. First Red and in also in cv.
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Grand Gala in com par i son to con trol confirming to
results of Son et al. (5). 

Form the ex per i men tal find ings, it was
ob served that cv. First Red has more vase life in
com par i son to cv. Grand Gala. It is con cluded from
in ves ti ga tion that 8-HQC en hances the fresh
weight, flower di am e ter, wa ter up take and vase life

of cut roses at 100 ppm and 200 ppm. 
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Pop lar (Populus deltoides) is a multiutility
wood pro duc ing tree spe cies and has been widely
adopted un der agro-for estry sys tems be cause of its
fast growth, straight and clean bole and de cid u ous
na ture. Many ge net i cally im proved pop lar clones
have been de vel oped for grow ing in North-West ern 
part of In dia. How ever, there is prob lem to
dis tin guish these clones phenotypically be cause of
nar row ge netic base of par ents in breed ing
pop u la tion and their mul ti pli ca tion. This prob lem
of iden ti fi ca tion for pu rity of plant ing stock
be comes more im mense for a grower when he
wishes to plant a spe cific clone. To over come the
prob lem an endeavour was taken to es tab lish
mor pho log i cal marker for iden ti fi ca tion of ten
widely grown clones of pop lar.

Ten pop  lar clones namely G3, G48, S7C1,
S7C4, S7C8, S7C20, L34, PP5, Fierelo and D121
were planted in nurs ery block of Agro forest ry
Re search Cen tre, Govind Ballabh Pant Uni ver sity
of Ag ri cul ture and Tech nol ogy, Pantnagar, in a
ran dom ised block de sign with three rep li ca tions.
Each rep li ca tion con tained two row of each clone at 
80 cm apart and each row had ten plants at 60cm
dis tance. Ob ser va tions were re corded for
qual i ta tive (leaf shape, leaf pigmentation, leaf
serration, leaf tip type, ridge line, ridge shape) and
quan ti ta tive (bud length, bud diameter, number of
buds and internodal length) traits. Qual i ta tive
char ac ters : leaf shape was re corded on the ba sis of
curve in leaf lamina and at tach ment of pet i ole on
scale ‘A’-deep curve and ‘B’-light curve. Leaf
pig men ta tion was noted on scale ‘A’ (pig men ta tion
on pet i ole and midrib), ‘B’ (pig men ta tion on pet i ole 
at the point of at tach ment of leaf lamina) and ‘C’

(no pig men ta tion). Leaf ser ra tion stud ied on scale
‘A’ (full ser ra tion) and ‘B’ (par tial ser ra tion). Leaf
tip type was ob served on scale ‘A’-long tip and
‘B’-small tip. Ridge line (bulg ing and length) was
re corded on scale very prom i nent prom i nent and
less prom i nent. Ridge shape on the stem was
ob served on scale ‘A’-big ridge and ‘B’-small
ridge. Quan ti ta tive char ac ters namely bud length
(mm), bud di am e ter (mm), num ber of buds in one
metre length at mid dle of stem and internodal 
length (cm) were re corded on five com pet i tive
plants in each rep li ca tion and av er aged.

Re sults on com par i son of var i ous
mor pho log i cal char ac ters in ten prom i nent clones
are pres ented in Ta ble 1. Clone G3, S7C4, S7C8,
L34 and D121 were showed sim i lar kind of leaf
shape ‘B’ while clones G48, S7C1, S7C20, PP5 and 
Fierelo showed ‘A’ type leaf shape. Clone S7C8
and G3 had type ‘A’ and ‘B’ pig men ta tion,
re spec tively, other clones showed no pig men ta tion.
All stud ied clones showed sim i lar kind of leaf
ser ra tion. A type of leaf tip was ob served in clone
G3, S7C4, S7C8, S7C20, L34 and PP5 while ‘B’
type leaf tip was found in G48, S7C1, Fierelo and
D121. Bud length ranged from 3.12 mm (Fierelo) to 
3.80 mm (S7C4) and bud di am e ter  var ied from
2.95 mm (G48) to 4.08 mm (G3). Max i mum
num ber of buds per me tre stem length were
ob served in G48 and S7C20 while min i mum buds
were counted in D121. Sim i lar fash ion of ridge
shape was ob served in all the clones. Very
prom i nent ridge was found in clone S7C4 while
other clones have prom i nent ridge. Internodal
length ranged from 3.38 cm in clone S7C1 to 4.25
cm in clone L34. Sim i larly Sidhu et al. (2) ob served 
sig nif i cant mor pho log i cal dif fer ences for
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intermodal length, branch an gle, lenticels den sity
length of ridges, leaf length and width and pet i ole
length among seven clones. Ge netic dif fer ences for
leaf char ac ter is tics were also ob served by Guzina
(1). Mor pho log i cal and phenological de scrip tion of
pop lar clones based on 64 char ac ters of young to
adult tree was given by UPOV (3).
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Ta ble 1: Mor pho log i cal marker on the ba sis of leaf and stem char ac ter is tics of Populus deltoides in nurs ery. 

       Clone

Traits      

G3 G48 S7C1 S7C4 S7C8 S7C20 L34 PP5 Fierelo D121

Leaf shape B A A B B A B A A B

Leaf pigmentation B C C C A C C C B C

Leaf serration A A A A A A A A A A

Leaf tip A B B A A A A A B B

Bud length (mm) 3.25 3.16 3.50 3.80 3.77 3.65 3.15 3.20 3.12 3.61

Bud diameter (mm) 4.08 2.91 3.85 3.95 4.06 4.05 3.50 3.45 3.38 3.94

No.of buds in 1 m
stem at middle

21.40 22 21 23 20 22 21 18 20 17

Ridge shape same same same same same same same same same same

Ridge line Prom-
inent

Prom-
inent

Very
Prom-
inent

Prom-

inent 

Prom-
inent

Prom-

inent

Prom-
inent

Prom-
inent

Prom-
inent

Prom-
inent

Internodal 
Length (cm)

3.75 4.20 3.38 3.89 4.02 3.80 4.25 3.80 3.81 3.50



 



 


